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The  terra  "Ultra-Sonic  Oscillat ions"  is  used  to  designate  acoustic  vibra- 
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( assumed  circular)  is  large  in  comparison  with  a  wave  length,  then  nearly  all 
the  ultra-sonic  energy  is  radiated  in  the  form  of  a  central  beam  (like  a 
searchlight)  whose  angular  width  is  proportional  to  the  ratio  of  the  ultra- 
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readily  obtained  and  apparatus  with  diarater  of  the  "aperture"  of  the  order  of 


P 

1 

G 

G 

p 

P 

•H 

■P 

p 

G 

g 

P 

p 

G 

>s 

G 

0) 

o 

to 

<H 

•H 

'£ 

rG 

P 

p 

O 

P 

G 

p 

Oj 

Co 

G 

P 

e 

G 

G 

G 

P 

P 

P 

P 

P 

O 

P 

i — 1 

S 

P 

•H 

*H 

G 

o 

& 

-P 

O 

OJ 

o 

G 

+3 

♦H 

c 

P 

P 

P 

P 

o 

o 

P. 

rG 

G 

P 

o 

•H 

P. 

Co 

•H 

OJ 

£ 

O 

P 

P 

G 

• 

P 

G 

•H 

rj 

P 

OJ 

G 

o 

P 

to 

G 

e 

e 

•H 

P 

G 

•H 

•H 

p 

G 

P 

P 

•H 

P 

G 

o 

O 

P 

P 

G 

G 

P 

P 

O 

OJ 

P 

O 

Vi 

P 

G 

P 

•H 

P 

P 

«H 

P 

P 

P 

G 

<H 

«H 

G 

G 

•H 

«H 

P 

P 

•rH 

P 

1 — 1 

rO 

o 

P 

G 

rH 

P 

p 

p 

G 

+3 

r<d 

+3 

P 

P 

•H 

G 

G 

o 

O 

.  r 

OJ 

e 

0) 

P 

p 

nd 

o 

•H 

S 

VH 

to 

P 

G 

OJ 

*H 

p 

«H 

G 

P 

£ 

P 

o 

P 

•H 

P 

P 

<D 

G 

P 

•rH 

r”# 

P 

P, 

P 

P 

O 

6 

Td 

G 

K 

P 

G 

P 

OJ 

o 

p 

P 

P 

P 

rH 

G 

G 

o 

«H 

«H 

P 

<L> 

P 

.  r 

P 

P 

P 

>> 

P 

p 

t 

P 

p 

G 

P 

P 

P 

r*S 

p 

to 

G 

P 

P 

nd 

G 

E 

•H 

•H 

G 

G 

P 

P 

«H 

P 

od 

Td 

OJ 

P 

O 

P 

G 

P 

t . 

P 

Td 

p 

P 

> 

to 

P 

OJ 

p 

o 

G 

G 

P 

OJ 

p 

P 

• » 

•H 

•H 

P 

o 

P 

OJ 

£ 

G 

p 

<H 

G 

O 

O 

P 

k- 

r-n 

P 

P 

i — 1 

G 

o 

«H 

•H 

to 

G 

p 

•H 

P 

nd 

G 

P 

O 

G 

P 

p 

f— 1 

«H 

«H 

P 

P 

1 — 1 

G 

O 

>» 

o 

•H 

0) 

P 

to 

p 

Vi 

G 

ca 

G 

p 

Td 

> 

Vi 

P 

G 

p 

p 

P 

p 

o 

p 

G 

p 

9t 

pj 

OJ 

to 

>G 

P 

o 

CO 

G 

G 

P 

& 

P 

P 

P 

P 

P 

•H 

Vi 

rH 

O 

<H 

<H 

o 

G 

P 

Vi 

•H 

P 

p 

G 

P 

P 

o> 

Vi 

> 

to 

o 

rSd 

>> 

P 

G 

•H 

«H 

p 

G 

5 

p 

P 

nd 

O 

6 

P 

rH 

P 

p 

& 

O 

p 

P 

Vi 

p 

P 

P 

o 

P 

•H 

> 

<H 

> 

o 

p 

rd 

rG 

p 

P 

p 

i — i 

p 

Eh 

JS 

P 

is 

PH 

CH 

o 

Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
University  of  Alberta  Libraries 


https://archive.org/details/lehmann1922 


ULTRA- SO NIC  OSCILLATIONS 


d 

d 

43 

d 

rH 

1 

1 

1 

P  1 

OJ 

1 

d 

O 

i 

d 

1 

43 

P 

43  0 

d 

1 — 1 

P 

P 

1 

d 

p 

1 

d 

cu 

P 

«H 

P 

•H 

•H 

c 

J 

d 

43 

P 

P 

OJ 

d 

ft 

v 

i 

0 

d 

d 

P 

0 

d 

d 

P  43 

d 

•H 

43 

d 

d 

E> 

P 

d 

E 

0 

d 

P 

O 

P 

-r-  O 

d 

» 

43 

P 

P 

p 

> 

ft 

O' 

o 

0 

p 

d 

d 

P 

d 

d 

-p 

43 

P 

43 

ft 

£ 

P 

a 

d 

p 

P 

P 

>» 

OJ 

OJ 

43 

d 

P 

ts  P 

43 

rH 

0 

OJ 

d 

& 

bD 

P 

d 

0 

d 

bo 

•r-1 

Cu 

bo 

P 

43 

0  P 

O 

P 

•H 

d 

tH 

d 

ft 

<H 

o 

P 

•H 

bo 

p 

d 

P 

d 

rH 

P 

P 

Oj 

bo 

d 

fct 

O 

d 

P 

O 

•H 

P 

43 

p 

d 

P 

P 

d 

P 

d  d 

•H 

43 

d 

43 

P 

43 

P 

p 

d 

d 

P 

O 

P 

1 — 1 

43 

•H 

P  ^ 

d 

P 

0 

d 

d 

d 

ft 

P 

d 

a> 

N 

> 

d 

•H 

fc 

P 

d 

•H 

p 

P 

P 

K 

rH 

OJ 

EH 

43 

o 

•H 

•H 

43 

d 

d 

d 

CO 

P  E 

P 

O 

P 

•H 

Ph 

•r-1 

bD 

Co 

p 

p 

rH 

d 

d 

d 

> 

E 

d 

d 

> 

bo 

Pi 

43 

d 

d 

OJ 

P 

•ft 

CD 

d 

P 

p 

P 

d 

d 

•H 

1 

4 

d 

bo 

1 — 1 

0 

P 

r\ 

P 

43 

P 

p 

<H 

43 

•H 

d 

£ 

0 

43 

•H  0  -*3 

C 

3 

0 

d 

d 

P 

d 

CJ 

d 

bD 

0) 

43 

O 

E 

p 

•H 

bO  K  < 

p 

W 

P 

0 

d 

P 

•H 

P 

Oj 

p 

P 

VI 

P 

P 

d 

d 

0 

OJ 

E 

f 

p 

•H 

& 

p 

43 

P 

ft 

• 

CD 

t> 

.pH 

P 

d 

d 

O 

rH 

d 

p 

CH 

p 

co  d 

0 

43 

OJ 

d 

& 

rH 

ft 

O 

p 

d 

P 

t — • 

rH 

P 

43 

R 

d 

•H 

f 

OJ 

>» 

P 

- 

O 

pH 

P 

0) 

+3 

bo 

P 

•H 

0 

•H 

43 

p 

d 

OJ 

• 

d 

bD 

«H 

d 

P 

d 

CO 

cu 

pi 

p 

d 

P 

4- 

rH 

«H 

d 

P 

*  0 

i 

2 

d 

P 

Pi 

p 

•H 

d 

bD 

1 — l 

43 

o 

•H 

C 

d 

bo 

d 

O 

p 

•rH 

p  p 

< 

5 

OJ 

d 

d 

‘Cl 

& 

d 

0 

d 

p 

CU 

a 

p 

O 

p> 

0  p 

f 

OJ 

0 

CO 

p 

43 

0 

P 

bD 

bl; 

£3 

p 

p 

d 

d 

d 

d 

d 

B 

& 

d 

d 

0 

d 

d 

d 

d 

p 

ft 

•H 

P 

d 

d 

43 

OJ 

rH 

>s 

d 

P 

p 

P 

d 

P 

Pi 

0 

> 

P 

P 

P 

d 

P 

1  1  • 

H 

p 

0 

43 

d 

43 

E 

co  p 

Pi 

d 

d 

43 

43 

P 

£ 

— - 

d 

• 

d 

,c 

d 

•r- 

OJ 

•H 

EH 

43 

p 

& 

P 

P 

43 

» 

P  d 

m. 

o 

p 

E 

? 

> 

OJ 

ft 

•» 

«H 

K 

43 

OJ 

P 

0 

43 

43 

0 

d 

rH 

O  rH 

■ - - 

p 

0; 

d 

d 

p 

P 

bo 

O 

d 

d 

3 

bo 

•H 

d 

ftj 

•H 

rH 

«H 

O 

•H 

d 

0 

E 

t> 

d 

p 

S 

d 

O 

•H 

43 

P 

d 

P 

43 

O 

O 

d 

>>  PQ 

43 

CJ 

P 

P 

d 

43 

43 

•H 

P 

p  £ 

bo 

rH 

d 

d 

P 

43 

ft 

P 

E 

43 

d 

o 

0 

d 

d 

P 

.d 

P 

O 

d 

d 

( 

3 

N 

0 

d 

1 — 1 

d 

0 

•H  ft 

d 

tH 

OJ 

«H 

P 

P 

•|H 

d 

d 

•H 

?» 

>  S 

rH 

p 

•H 

Oj 

CO 

d 

P 

P 

Eh 

Oj 

p 

rH 

P 

P 

P 

43 

•H 

d 

cd 

d 

1 — 1 

p 

P 

ft 

ft 

P 

d 

d 

d 

•H 

d 

d 

d 

O 

•H 

43 

«H  d 

s 

P 

d 

d 

0 

H 

! — 1 

d 

> 

s 

P 

d 

d 

P 

> 

OJ 

ft 

0  PP 

d 

& 

p 

>S 

0 

P 

d 

d 

Pi 

• 

43 

cu 

43 

p 

«H 

P 

43 

d 

O 

t — 1 

43 

O 

0 

OJ 

P 

0 

d 

P 

• 

O 

d 

P 

P 

d 

d  0 

d 

43 

d 

P 

0 

43 

p 

d 

d 

HH 

Pd 

d 

O 

«H 

d 

43 

P 

P  -H 

P 

d 

d 

d 

>» 

•H 

P 

CP 

£ 

4-> 

0 

E 

d 

P 

• 

d 

•H  P 

43 

P 

P 

d 

43 

p 

O 

O 

43 

•H 

» 

P 

p 

p 

0 

CO 

«H 

P 

d 

rH  O 

43 

0 

0 

•H 

43 

OJ 

1 

c 

bO 

P 

OJ 

0 

p 

N 

d 

O 

43 

P 

43  CO 

d 

■d 

d 

P 

<«? 

ft 

O 

>S 

* 

o 

d 

d 

d 

«H 

43 

P 

43 

p  1 

OJ 

P 

P 

P 

d 

• 

43 

P 

CO 

•H 

o 

tH 

P 

p 

rH 

0 

P 

P 

0  d 

3 

£ 

d 

Vt 

d 

d 

d 

<H 

Ph 

43 

43 

P 

P 

0 

d 

d 

d 

N 

d 

0 

CO 

p 

• 

0 

1 

rH 

• 

d 

d 

O 

rH 

O 

ft 

rP 

O 

N 

P 

P 

P 

43 

P 

d 

P  43 

tH 

OJ 

P 

43 

0 

OJ 

> 

ft 

d 

ft 

bD 

•H 

43 

a 

43 

bo 

d 

P 

> 

<4  P 

( 

3 

d 

OJ 

P 

•H 

O 

p 

OJ 

1 — 1 

OJ 

S 

d 

P 

•H 

d 

d 

P 

p 

E 

•H 

P> 

O 

> 

d 

d 

£ 

0 

•H 

0 

d 

P 

O’ 

EH 

43 

d 

P 

43 

P 

d 

d 

•r-t 

d 

» 

bo 

d 

0 

E 

j 3 

•H 

> 

•H 

O 

•H 

Oj 

d 

d 

d 

•H 

.C 

O 

rO 

•H 

43 

d 

43 

£ 

OJ 

d 

d 

P 

43 

OJ 

P 

d 

P 

43 

1 — 1 

d 

OJ 

P 

P 

43 

P 

d 

•H 

0 

•  P 

O 

rH 

0 

0 

O 

p 

•H 

ft 

P 

ft 

> 

co 

P 

p 

OJ 

OJ 

P 

OJ 

co  43 

d 

0 

d 

P 

p 

P 

d 

0 

p 

P 

O 

0 

p 

d 

d 

d 

•H 

<H 

•H 

O 

d 

P 

rH 

d 

j 

H 

•H 

0 

0 

d 

P 

•H 

OJ 

O 

e. 

•H 

•H 

P 

P 

43 

O 

P 

P 

P 

bo 

a 

P  «H 

1 

P 

OJ 

<H 

E 

•H 

43 

P 

d 

•H 

d 

43 

, — 1 

d 

43 

P 

43 

P 

O  O 

O 

d 

P 

>» 

0 

d 

<H 

43 

P 

43 

ft 

i — 1 

OJ 

P 

c 

P 

P 

P 

O 

d 

N 

) 

H 

•  OJ 

rC 

•H 

p 

P 

d 

bD 

43 

O 

co 

E 

ft 

•H 

O 

O 

<u 

P 

CO 

<H 

P 

a 

d 

< 

D 

1 

d 

d 

d 

rH 

p 

P 

d 

P 

d 

O 

-H 

d 

N 

d 

HH 

O 

P 

43  Pj 

«H 

d 

. — . 

P 

P 

P 

rH 

0 

d 

OJ 

P 

0 

P 

«H 

4-3 

43 

P 

g 

>s 

43 

P  d 

p 

•H 

Pt 

cd 

0 

1 — l 

43 

•H 

0 

43 

43 

P 

O 

d 

T — 1 

ft 

P 

43 

>3  p 

d 

43 

44 

d 

P 

d 

d 

ft 

ft 

bD 

d 

d 

•H 

d 

O 

bo 

• 

E  OJ 

1 — 1 

rH 

— 

O 

P 

d 

p 

0 

d 

d 

P 

e 

•H 

p 

d 

p 

d 

• 

d 

P 

CO 

d  £ 

P 

d 

O 

0 

•H 

•H 

> 

OJ 

ft 

d 

rH 

•H 

0 

43 

43 

P 

P 

•H 

d 

0 

d 

>» 

OJ 

P 

P 

ft 

d 

p 

d 

d 

p 

d 

•r* 

•H 

<H 

OJ 

P 

P  d 

rH 

p 

d 

<H 

d 

>» 

O 

& 

P 

R 

43 

tH 

rH 

d 

P 

d 

OJ 

0 

0  p 

•1 

H 

O 

•H 

P 

O 

P 

p 

OJ 

Pi 

•H 

43 

ft 

O 

d 

P 

0 

43 

P 

p 

ft 

N 

‘H  43 

1 

£d  . 

<4 

O 

d 

E 

d 

d 

d 

p 

£ 

bo 

p 

d 

P 

P 

> 

P 

N 

d 

«H 

P 

d 

P 

P 

bo 

d 

•H 

s 

p 

OJ 

d 

P 

P 

p 

P 

P 

•H  P 

d 

O 

a 

OJ 

p 

0 

P 

43 

P 

P 

ft 

d 

•H 

d 

p 

0 

O 

43 

43 

CO 

O 

d  0 

PQ 

d 

d 

d 

<H 

P 

PQ 

•H 

d 

d 

Eh 

P 

P 

d 

•H 

P 

■p 

O 

> 

0 

43 

•H 

d 

OJ 

> 

• 

P 

» 

d 

P 

P 

p 

£ 

> 

43 

P 

! 

a 

•H 

( 

•H 

P 

P 

t — l 

p 

«H 

OJ 

PQ 

PQ 

P 

43 

43 

d 

0 

d 

d 

43  0 

d 

P 

C3 

43 

d 

•H 

d 

ft 

ft 

W 

ft 

• 

• 

tH 

d 

OJ 

43 

P 

£ 

CC 

P  -H 

O 

d 

P 

0 

P 

d 

d 

P 

• 

d 

bo 

d 

OJ 

•H 

d  43 

d 

CO 

P 

43 

OJ 

d 

•H 

d 

H 

P 

0 

P 

P 

P 

<u 

d 

rH 

P  0 

tH 

p 

*H 

d 

43 

1 — l 

d 

-  • 

■ — ■ 

rH 

0 

P 

P 

d 

•H 

P 

0 

P 

d 

d  d 

P 

<H 

d 

P 

P 

43 

04 

0 

P 

- 

£ 

d 

OJ 

d 

0 

P 

OJ 

bo 

43 

43 

p 

«H  OJ 

( 

d 

O 

43 

•H 

43 

d 

O 

P 

ft 

— • 

' — ' 

length  of  these  waves,  then  when  A  is  very  much  greater  than 
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vibration.  This  will  he  the  case  if  the  waves,  on  reaching  the  hole,  in 


erection  perpendicular  to  the  plane  of  the  hole,  are  plane.  Virtually  the 
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centimetres  were  recuired.  To  obtain  these  smell  wave  lengths  the  freouency  of 
the  sound  waves  ranged  upward s  from  20,000  cycles  per  second,  which  was  well 
above  the  limits  of  audibility. 

In  previous  work,  accounts  of  which  are  not  yet  published.  Dr.  Langevin  who 
initiated  the  subject  in  France,  and  Dr.  Boyle  in  England,  have  shown  that  the 
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One  of  the  first  attempts  to  detect  the  ultra-sonic  beam  was  to  suspend 


sonic  beam  directed  along  a  line  perpendicular  to  the  ro  w  of  balls.  The  ball 
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ball's  suspension  bears  to  the  distance  it  is  deflected 


ed  show  that  if  sufficient  care  is  taken  in  adjusting 
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of  the  tube  was  attached  a  stethesoope.  Both  glass  and  braes  tubing  hae  been 
used.  When  the  source  of  energy  is  rectified  alternating  E.M.F.  the  ultra¬ 
sonic  oscillations  are  transmitted  in  a  tonic  train,  the  group  frequency  being 
twice  the  nujjber  of  cycles  per  second  (see  fig.  3).  When  the  nipple  of  the 
listening  device  is  placed  in  the  ultra-sonic  beam,  the  radiant  pressure  of  each 
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Description  of  the  Torsion  Pendulum  used  Throughout  the  Investigation 
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supported  by  the  brass  rails  on  shelf  A.  Through  the  centre  of  this  plate 
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(C)  TORSION  HERD 
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scale  on  the  plate  P.  The  amount  of  torsion  in  the  suspension  required  to 

Re/jpr/v  g- 

bring  the  pendulum  back  to  its  zero  position  is  called  "Pendulum  Eoflcefrifrn 
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The  pendulum  is  restored  to  its  original  zero  position  by  means  of  a  restoring 
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a  definite  relation  between  the  thickness  of  the  pendulum  vane  and  the  vsc~ve 
length  of  the  ultra-sonic  energy.  When  all  factors  are  considered  lead  is  the 
most  satisfactory  material  available.  In  section  9  it  is  shown  that  tne 
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considerable  difficulty  was  experienced  in  handling  the  instrument. 
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The  results  obtained  are  tabulated  in  Table  I  and  plotted  in  figure  10 


Figure  9 

POSITION  OF 
DISSIPATING  SCREENS 


SECTION  SHOWING  EFFECT  OF 

DISSIPATING  SCREENS 


S^'fcfO'SC)  N(  SN0U031J3Q  wmnQNid. 


PtfiTE. 


No  Mets  Present  Centre  of  tank  at  0 


G) 


w  o 

« 

a  5 

<3 

EH  cu 

■P 


crccctrc 


<U 

00  H 

boe  etc  etc 

a  a) 

3  -H  XJ 

-d  *d  O 

fl  CJONOHtO'OD-NOaOoOO^,U5NCw^O 
OJOJCQ^'tfCVlO  CM  N  W  W  o  C'  ^  H 
PH  05  ‘ 


43 
f-t 
-  <U 
■H  > 


<h  e 
® 

« 


i>0c  tee 


tee  «Hc  settee 
Hi 


lcce6ettsseeseccee 


LO  LO  irj  lQ  Ifj  ^  Lft  io  ITJ  lO  l£>  ir j  tf}  Ift  Uv 
•  ••  ••«••••••••« 

Cc5rHOW'^«£)Cr>OCVJrHvOCM^vOaD 

rH  r— I 


J 


10.5 

12.5 


From  figure  10  it  appears  that  the  reflected  energy  amounts  to  at  least 
twenty-five  percent  of  the  incident  energy  at  170  centimetres  from  the  trans¬ 
mitter.  The  screens  increase  the  pendulum  deflection  by  about  thirty  per- 
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out  with  1000  volts  across  the  transmitter  and  a  range  of  frequencies  from 
100,000  cycles  per  second  to  185,000  cycles  per  second.  The  frequencies  were 
measured  hy  a  Hertzian  wave  meter'  calibrated  to  give  readings  correct  t.  with 
in  one  percent.  The  results  obtained  are  tabulated  in  Table  II  and  plotted  in 


TABLE  II 


co 

p 

rH 

O 

t> 


q 

o 

CD 

o 

P 

o 

P 

rH 

*“l 

s 

II 

C 0 

q 

q 

fti 

CD 

U 

p 

ai 

p 

p 

*H 

s 

O 

ra 

q 

P 

<d 

q 

q 

H 

EH 

O 

P4 

q 

o 

P 

q 

0) 

cd 

bo 

q 

a 0 

o 

P 

to 

rH 

CD 

O 

(A 

> 

CD 

5-i 

pi 

QO 

*-< 

<H 


i  O'  ■"  ■ 

. 


. 

.  -  ! 

" 


- 

. 

* 

P  IGURE  1  1 


1  2.0  ooo  140,000  160,000  -380,00 

FREQUENCY  JN  CYCLES  PER  SECOND 


LE  II.  (Oonl 


frequencies  used  in  this  experiment  a  variation  of  one  percent  would  amount 
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ment  coincided  with  the  natural  frequency  for  free  longitudional  vibrations 


in  the  transmitter,  and  a  resonance  condition  occurred.  The  region  of  the 


B.  Verdet:  Lecons  d'Optique  Physique, -Tome  1  page  501. 

Xnochenhauer:  Die  Undulations  ghporie  des  T  .  .  . 

^neone  aes  Lichtes,  EerllB  18s9 


Verdet  developed  an  expression  for  the  intensity  of  illumination  at 
point  M  (fig.  12)  very  distant  from  an  opening  £0B, 


sion  becomes  alternately  positive  and  negative  and  therefore  must  pas  through 
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It  is  to  be  noted  that  the  intensities  in  the  second  and  subsequent  max 
re  negligible  in  comparison  with  the  intensity  of  the  first  maximum. 


must  be  small  in  compariosn  with  D,  and  states  that  could  this  condition  be 


For  example,  using  the  transmitter  described  in  section  2,  at  its  resonance 
frequency  of  135,000  cycles  per  second  as  obtained  in  section  6,  we  have, 
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VERDETxS  CENTRAL  ZONE 


The  phenomenon  may  he  investigated  experimentally  by  using  a  torsion  pendulum 
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G 

G 

cd 

G 

cd 

G 

•H 

a 

p 

g 

o 

03 

•H 

>» 

P 

•H 

CU 

G 

<D 

P 

G 

•H 


60 

fn 


G 

cd 

G 

£ 


P 

0) 

t«o 

CD 

& 


21* 


fH 

O 

60 

G 

•H 

s 

03 

G 

G 

cd 

. 

• 

fn 

rH 

CD 

cd 

_ _ 

P 

p 

a 

p 

G 

rH 

•H 

o 

• 

Ph 

a 

•H 

G 

03 

P 

p 

60 

G 

cd 

60 

G 

a 

G 

G 

•H 

cr1 

(0 

P 

p 

® 

rH 

P 

•H 

a 

G 

CD 

a 

o 

•H 

> 

fH 

cd 

G 

'H 

03 

& 

cd 

rH 

fn 

CD 

O 

o 

p 

O 

G 

•H 

G 

a 

<lv( 

G 

«H 

cd 

>» 

M 

o 

O 

p 

03 

$ 

G 

03 

CO 

o 

1 

03 

•H 

CD 

+ 

•H 

a 

G 

G 

03 

P 

fn 

•H 

CD 

G 

cd 

p 

G 

II 

rG 

rH 

i — i 

cd 

P 

II 

<D 

G 

h 

G 

fn 

60 

Ph 

li 

II 

II 

G 

<3 

CD 

X 

Ph 

PH 

•H 

P 

G 

P 

o 

G 

P 

CD 

•H 

ts 

P 

a 

03 

rG 

G 

G 

O 

CO 

03 

rH 

cd 

CD 

H 

tsi 


cvj 

G 


CVJ 

Ph 


‘21 


e> 


A<i 
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Verdet  would,  presumably,  occur,  but  within  50  cms.  of  the  transmitter  an  al- 
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together  different  pheno^e^**  / .  met  with.  As  we  approach  the  transmitter 
along  the  central  axis  of  figure  15,  we  pass  through  point^of  maximum  and 
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distance  the  central  beam  of  energy  appeared  to  he  definitely  formed. 

The  distribution  of  energy  was  investigated  at  two  different  frequencies, 
namely,  71,000  cycles  per  second  and  56,400  cycles  per  second.  The  results 
obtained  are  plotted  in  figures  16  and  17  respectively.  In  these  figures 
the  points  of  maximum  intensity  are  marked  by  circles  and  those  of  minimum 


1 

02 

CD 

CO 

q 

60 

rd 

•H 

Pi 

CD 

Pi 

CD 

ua 

CD 

Pi 

Pc 

Pc 

•H 

43 

0 

d 

,£3 

CD 

p 

43 

d 

O 

P 

CD 

d 

hb 

q 

q 

•H 

> 

ts 

•H 

CD 

CD 

rH 

o 

d 

«H 

24 

43 

CD 

0 

CD 

d 

. 

43 

M 

d 

a) 

p: 

CD 

d 

Pc 

CD 

d 

CD 

•H 

Pi 

43 

CD 

ft 

O 

o 

aS 

as 

■H 

O 

43 

O 

>3 

43 

d 

£ 

+3 

aS 

d 

43 

43 

q 

d 

43 

•H 

>3 

•H 

02 

•H 

CD 

o 

2=1 

p: 

0 

43 

02 

•H 

i — 1 

O 

•H 

CO 

•H 

q 

02 

q 

q 

CD 

43 

O 

ft 

aS 

CQ 

\» 

aS 

•H 

43 

M 

o 

•H 

fs 

aS 

Pc 

Pi 

CJ 

q 

Pi 

& 

43 

43 

■H 

•H 

>> 

>5 

CD 

> 

2=1 

CD 

43 

P* 

CD 

0 

* 

r^-» 

•H 

43 

§ 

d 

CD 

Pc 

d 

+3 

02 

•H 

43 

43 

0 

CD 

0 

Pi 

CO 

02 

aS 

•rH 

43 

Pi 

PI 

CD 

Pi 

q 

•H 

q 

43 

•H 

CD 

43 

CD 

ft 

•H 

rd 

•H 

■H 

O 

d 

Pi 

43 

O 

CD 

0 

0 

•r-s 

> 

•H 

Pi 

02 

S 

CO 

•H 

M 

q 

i 

d 

q 

a) 

g 

0 

0 

•H 

q 

as 

Pc 

aS 

3 

0 

aS 

•H 

aS 

Pc 

Cj 

rd 

0 

Pi 

rH 

43 

CD 

43 

-P> 

•H 

0 

O 

rd 

0 

<3 

M 

•H 

43 

CD 

43 

p 

CD 

0 

d 

aS 

pi 

r£ 

ft 

0 

rd 

•H 

Pi 

0 

•H 

60 

Pc 

q 

•H 

43 

K 

d 

0 

•H 

CD 

•H 

K 

aS 

o 

ft 

H 

ft 

aS 

0 

0 

ft 

O 

* 

02 

0 

43 

0 

0 

o 

•H 

aS 

Pc 

60 

02 

43 

02 

aS 

rd 

ft 

ft 

Pi 

aS 

Pi 

rH 

O 

43 

O 

■H 

£ 

•H 

US 

CO 

43 

CO 

rd 

O 

•H 

CO 

CO 

rd 

Pi 

-P 

ft 

d 

CD 

Pc 

CD 

43 

o 

M 

q 

CD 

q 

Co 

d 

60 

ft 

as 

Pc 

d 

CD 

O 

q 

CQ 

CD 

ft 

N 

CD 

0) 

CQ 

» 

rd 

CQ 

ft 

1 — 1 

Pi 

• 

•H 

43 

EH 

•H 

c3 

! - 1 

Pi 

CD 

M 

CD 

aS 

CD 

o 

Pi 

as 

0 

•> 

43 

0 

> 

o 

•H 

43 

•H 

•H 

<35 

i — 1 

i— i 

<35 

• 

Pc 

£ 

as 

0 

43 

d 

CO 

43 

pi 

Pi 

•H 

CD 

0 

CD 

CD 

£ 

. 

CD 

43 

M 

0 

d 

Pi 

0 

CD 

CO 

M 

p? 

aS 

d 

0 

ft 

0 

o 

CD 

0 

aS 

0 

60 

P3 

02 

Pc 

CJ 

0 

q 

•H 

02 

<35 

CO 

2=1 

ft 

•H 

ft 

o 

CD 

o 

q 

• 

CD 

ft 

Pi 

aS 

2=5 

•H 

d 

CD 

Pc 

O 

o 

43 

CO 

0 

0 

CO 

as 

CD 

•H 

CD 

CD 

i>» 

d 

60 

q 

ft 

rd 

rd 

CD 

O 

rQ 

Pi 

•H 

O 

£ 

43 

Pc 

q 

aS 

O 

rH 

CD 

cS 

>3 

0 

Td 

CQ 

O 

0 

rd 

43 

43 

•H 

O 

CD 

1 — 1 

0 

43 

02 

•H 

Pi 

43 

£ 

q 

Pc 

•H 

02 

•H 

d 

43 

•H 

d 

ft 

PC 

rd 

0 

o 

rH 

q 

CD 

CD 

Pc 

aS 

43 

aS 

-P> 

d 

d 

CD 

O 

43 

Pi 

Pi 

d 

> 

£ 

vO 

•H 

0 

•H 

aS 

as 

CD 

43 

1 — l 

0 

43 

0 

q 

0 

43 

60 

0 

q 

d 

0 

•H 

q 

| 

ft 

0 

O 

Pc 

•H 

43 

0 

q 

q 

O 

•H 

CO 

CO 

0 

60 

•H 

0 

•H 

S>» 

•H 

60 

43 

0 

rH 

> 

0 

rd 

0 

43 

CD 

q 

0 

as 

Pc 

ci 

CJ 

Pc 

rd 

Pc 

O 

d 

l>3 

O 

Pc 

43 

t>» 

d 

aS 

Pc 

0 

43 

60 

43 

q 

d 

0 

02 

% 

q 

0 

43 

Pc 

aS 

a) 

•H 

0 

•H 

d 

q 

O 

0 

rd 

0 

0 

43 

> 

•H 

d  >3 

0 

43 

•H 

02 

d 

O 

q 

•H 

02 

43 

0 

0  ; 

d 

0 

•H 

0 

K 

•H 

ft 

q 

Pc 

02 

_  < 

Pc 

- 

d 

0 

rd 

O 

0 

0 

02  ^ 

-.0 

0 

43 

rH 

£ 

0 

Pc 

0 

q 

Pi 

d 

43 

ai 

02 

■H 

ft 

<35 

>» 

EH 

0 

43 

ft 

rd 

S 

ft 

0 

q 

ft 

O 

q 

02 

as 

43 

IS 

•H 

43 

0 

as 

43 

q 

0 

•H 

43 

q 

CO 

I 

aS 

0 

0 

rd 

q 

0 

02 

0 

CD 

CO 

q 

43 

• 

0 

43 

q 

Pc 

0 

O 

<35 

43 

CO 

cd 

M 

rd 

02 

02 

•H 

0 

0 

d 

q 

Pi 

0 

0 

0 

•H 

q 

0 

0 

a 

•H 

d 

EH 

a) 

43 

0 

0 

PC 

CO 

0 

q 

Pc 

•H 

43 

43 

43 

rH 

ft 

q 

ft 

0 

0 

ft 

ft 

aJ 

02 

d 

ft 

0 

0 

43 

0 

N 

0 

0 

0 

• 

•H 

0 

0 

q 

02 

Pc 

rd 

•H 

rd 

• 

rd 

0 

0 

rd 

0 

Pc 

q 

■a 

0 

rH 

d 

q 

0 

43 

rQ 

Pc 

0 

C- 

•H 

q 

43 

rH 

CD 

43 

0 

a 

aS 

0 

43 

1 — 1 

•H 

O 

aS 

rd 

•H 

q 

ft 

d 

Pc 

0 

E 

43 

ft 

43 

0 

0 

ft 

0 

>d 

0 

43 

43 

02 

O 

0 

3 

rd 

0 

02 

q 

rd 

& 

0 

Oj 

d 

aS 

0 

£ 

0 

0 

aS 

43 

60 

rd 

q 

q 

Pc 

d 

0 

rH 

2d 

aS 

•H 

as 

ai 

0 

ft 

Pc 

0 

O 

43 

<0 

Pc 

>» 

£ 

•H 

ft 

rH 

0 

q 

>9 

rH 

02 

rH 

M 

43 

•H 

aS 

43 

aS 

O 

02 

0 

43 

>» 

CD 

a) 

rd 

Pi 

43 

43 

0 

02 

S 

0 

O 

43 

pH 

Pc 

43 

•H 

CO 

O 

O 

0 

a) 

Pc 

q 

•H 

Pc 

d 

43 

q 

0 

•H 

O 

q 

Pc 

0 

0 

•H 

02 

0 

•H 

aS 

0 

02 

rd 

d 

d 

0 

£ 

43 

q 

O 

> 

rd 

0 

q 

43 

60 

d 

02 

0 

O 

43 

aS 

aS 

d> 

02 

•H 

0 

•H 

43 

ft 

0 

Pc 

LO 

■H 

ft 

i» 

Pc 

rd 

q 

CD 

O 

CO 

rd 

43 

43 

rd 

Pc 

0 

0 

•H 

Pc 

0 

EH 

<35 

02 

ft 

aS 

d 

0 

>» 

q 

0 

•H 

0 

O 

rd 

43 

2=1 

>> 

60 

0 

O 

0 

rd 

d 

CO 

q 

q 

N 

43 

q 

q 

0 

02 

d 

rd 

rd 

Pc 

CD 

0 

aS 

0 

rd 

0 

0 

q 

rH 

0 

0 

d 

0 

. 

0 

•H 

43 

q 

d 

aJ 

d 

q 

0 

0 

cH 

02 

d 

0 

r. 

43 

•H 

O 

0 

0 

0 

0 

Pi 

rd 

as 

43 

r — 1 

02 

rd 

CJ 

0 

Pc 

rd 

q 

ft 

q 

Pc 

aS 

•H 

0 

0 

d 

ft 

43 

•H 

0 

d 

rd 

rd 

02 

rd 

d 

aS 

02 

0 

•H 

43 

0 

EH 

02 

O 

43 

02 

0 

rd 

43 

0 

0 

> 

as 

43 

cS 

•H 

CD 

rd 

q 

2=> 

Pi 

CO 

ft 

O 

rd 

43 

ft 

2=i 

rd 

0 

•H 

,C 

q 

0 

N 

43 

CO 

0 

!>» 

0 

0 

0 

43 

0 

0 

Pc 

0 

43 

q 

O 

rd 

•d 

02 

<35 

& 

s 

cj 

2=i 

Pi 

•H 

ft 

0 

0 

rH 

£ 

ai 

Js 

>3 

aS 

43 

O 

•H 

rd 

0 

0 

0 

. 

60 

CQ 

CO 

q 

CO 

q 

43 

EH 

•H 

rd 

q 

Pc 

0 

•H 

43 

0 

0 

0 

<35 

ft 

0 

■H 

0 

q 

0 

02 

<35 

0 

Ph 

It 

0 

rd 

Pc 

0 

0 

>4 

43 

( — 1 
O 

i>» 

O 

P 

a1 

0 

Pc 

0 

•H 

rd 

q 

60 

>» 

60 

Pi 

q 

0 

N 

1 — 1 
cS 
PC 
43 

0 

O 

0 

O 

> 

Pc 

ft 

■H 

q 

0 

K 

q 

CO 

0 

q 

•H 

ft 

•H 

rd 

O 

O 

0 

43 

•H 

s 

q 

0 

0 

rH 

0 

CJ 

Pc 

0 

43 

d 

0 

rd 

43 

d 

q 

CO 

0 

CO 

O 

0 

43 

43 

CD 

rH 

rd 

43 

ft 

•H 

Pc 

0 

ft 

0 

d 

ft 

E 

0 

0 

rd 

43 

0 

Cj 

CQ 

q 

C- 

q 

1 — 1 

43 

0 

43 

CS 

rd 

43 

43 

K 

0 

0 

Pc 

0. 

O 

rd 

43 

0 

,-Q 

cS 

is 

0 

1= 

02 

CS 

0 

Pc 

aS 

«h 

0 

ft 

0 

to 

q 

a) 

region  of  cptfplex  zones  w£s  passed  anc  there  were^light  indications' that , 


d 


1 

0 

03 

1 

B 

d 

B 

PI 

O 

Cj 

0 

•H 

0 

0 

0 

0 

.  0 

& 

rB 

03 

0 

rB 

03 

jQ 

PM 

H 

43 

BO 

O 

03 

43 

0 

•H 

d 

CD 

PM 

g 

cj 

Pi 

O 

5h 

Pi 

0 

PI 

,P 

p 

bo 

5 

03 

,Q 

H3 

O 

03 

O 

•P 

03 

H 

Ft 

0 

■'ll 

0 

03 

0  J 

•H 

ftj 

P 

O 

8 

,B 

«f  \ 

8 

0 

0 

03 

00 

£ 

d 

rH 

P 

43 

•H 

d 

Pi 

Pi 

03 

B 

a) 

8 

cj 

43 

Pi 

O 

o 

g 

0 

•H 

rH 

• 

is 

B 

t>> 

8 

4> 

Pi 

p 

PM 

M 

•H 

d 

0 

d 

•H 

o 

i — 1 

00 

Cj 

43 

B 

03 

0 

0 

<D 

0 

Pi 

0 

8 

B 

P 

•H 

0 

0 

rB 

d 

• 

P 

0 

rB 

• 

0 

Pi 

M3 

43 

d 

PI 

EH 

bo 

r — 1 

*H 

43 

d 

0 

1 — 1 

0 

CD 

0 

•rH 

Cj 

- — s 

0 

Pi 

0 

43 

s 

o 

PM 

<H 

O 

00 

03 

p) 

B 

,B 

rH 

aJ 

cj 

- _ . 

•H 

a) 

•H 

•H 

43 

B 

O 

a) 

1 — 1 

0 

• 

43 

• 

£ 

0 

1 

0 

> 

rQ 

Pc 

,B 

8 

Ph 

Pi 

bD 

d 

43 

>» 

0 

+3 

cj 

0 

•H 

§ 

0 

rQ 

43 

& 

o 

03 

0 

0 

> 

Mh 

p 

43 

O 

B 

0 

•H 

0 

d 

rQ 

O 

rH 

cj 

0 

03 

,0 

Pi 

£ 

PI 

cd 

0 

d 

O 

0 

> 

0 

Eh 

O 

0 

o 

1 — 1 

rB 

CV2 

d 

0 

.Q 

0 

r| 

03 

d 

•H 

Pi 

EH 

CO 

B 

rH 

03 

1 

B 

Pi 

PI 

0 

d 

03 

0 

0 

0 

o 

0 

0 

PM 

03 

rH 

MH 

0 

• 

Pi 

-p 

+3 

CO 

rB 

• 

> 

0 

p 

O 

0 

•p 

03 

+3 

\ 

43 

d 

0 

0 

is 

O 

,B 

Pi 

H 

■H 

cj 

0 

0 

rB 

O 

O 

0 

P 

CD 

s 

u 

bO 

rH 

P 

>» 

O 

d 

d 

.0 

03 

43 

Ft 

•H 

03 

43 

8 

d 

03 

cr< 

a; 

EH 

Pi 

rH 

•H 

cj 

«H 

•H 

0 

0 

0 

rB 

0 

P 

d 

43 

0 

O 

CO 

0 

43 

» 

-p 

Pi 

•rH 

rQ 

rB 

Ft 

rQ 

03 

§ 

0 

-P 

0 

H 

O 

43 

03 

0 

•H 

P 

0 

Mh 

• 

rB 

03 

<0$ 

43 

0 

d 

rH 

Pi 

o 

d 

0 

43 

0 

Ft 

B 

rB 

43 

0 

.B 

>3 

Cj 

•H 

cr.i 

•H 

43 

0 

d 

0 

<D 

03 

•P 

«H 

rQ 

£ 

ni 

B 

8 

Pm 

p 

O 

Ph 

v>  CD 

O 

43 

0 

•H 

0 

8 

if 

tj  0 

•H 

O 

0 

Pi 

43 

,B 

03 

o 

03 

B 

c 

) 

d 

/4  T[ 

B 

B 

03 

0 

5H 

•H 

cj 

fi 

0 

0 

0 

B 

d 

0 

pi 

*H 

w 

43 

> 

U 

L  0 

03 

B 

0 

0 

0 

0 

0 

£  < 

) 

d 

1 

O 

0 

rB 

0 

0 

*  « 

> 

0 

Cj 

•H 

0 

rH 

0 

-P 

0 

0 

rB 

rB 

g 

Pi 

43 

43 

0 

B 

Pi 

rB 

43 

1 

43 

p 

43 

O 

0 

Pi 

0 

o 

CD 

43 

( 

) 

8 

rH 

0 

03 

Xt 

B 

•H 

-P 

03 

5 

b0 

•H 

P 

CO 

0 

,d 

43 

.  *H 

-P 

03 

B 

CO 

Ft 

£ 

43 

•  » 

s 

C3 

•H 

o 

O 

8 

•H 

Cj 

s 

H 

•rH 

0 

0 

H 

0 

d 

Pi 

i 

43 

8 

p 

0 

B 

& 

Pi 

rH 

CD 

CO 

0 

O 

8 

0 

8 

43 

O 

0 

0 

P> 

d 

rH 

Cj 

•H 

P 

d 

•H 

B 

•H 

Pi 

•H 

CD 

B 

0 

rQ 

M 

•r-s 

0 

M 

O 

43 

0 

Pi 

d 

•H 

Pc 

•rH 

p* 

c 

3 

d 

0 

cj 

N 

O 

43 

.0 

4= 

•rl 

03 

1 — ! 

8 

cj 

P 

8 

•H 

0 

43 

O 

o 

d 

P 

0 

rH 

d 

Pi 

03 

•H 

•H 

V 

•p 

0 

CT* 

O 

Cj 

Cj 

>3 

0 

Mh 

O 

8 

,B 

>  5H 

rC 

0 

Oh 

43 

,Q 

Pi 

0 

rB 

43 

0 

£ 

0 

5H 

•rH 

Pc 

Ft 

rH 

Pi 

0 

Ft 

MH 

Ft 

CD 

Pi 

03 

O 

•H 

d 

43 

d 

Pi 

0 

•H 

d 

O 

0 

Cj 

N 

43 

0 

.0 

B 

B 

•rH 

Pi 

O 

s 

h 

CO 

.0 

•rH 

Ft 

43 

O 

•H 

0 

Mh 

43 

•H 

o 

0 

+3 

>» 

Pi 

P 

Cj 

•H 

O 

0 

i — 1 

d 

i — 1 

O 

0 

rB 

Pi 

_i 

0 

0 

0 

0 

Ft 

+3 

Pi 

.B 

«=*J 

0 

£ 

0 

rB 

rB 

B 

Pi 

l— | 

aJ 

cj 

rH 

0 

O 

EH 

43 

0 

PH 

g 

0 

d 

tH 

Ft 

rB 

•H 

> 

3 

M 

Ft 

0 

rH 

B 

O 

43 

43 

8 

— , 

1 — 1 

Ft 

> 

0 

0 

•H 

Pi 

0 

0 

r — ! 

p 

Cj 

03 

O 

& 

rB 

43 

03 

0 

Pi 

rB 

• — 

-d 

43 

Cj 

8 

03 

43 

Cj 

> 

43 

Figure  J3 

I^RClfJMINARY  ream 
■SEXfriON 


the  transmitter  was  kept  constant  at  1000  volts  and  the  frequency  kept  costa* 


0 

CD 

0 

d 

Pi 

0 

• 

0 

Rj 

p 

d 

XI 

< 

1 

GJ 

f— • 

•H 

Pi 

to 

t-v 

< 

d> 

P 

01 

CD 

•H 

3 

£ 

XI 

«h  y-. 

H 

0 

O 

rH 

0) 

a 

O  f  H 

3 

rd 

a 

P 

p 

PI 

1 

3 

P 

to 

p 

£ 

•H 

CQ  ^ 

( 

3 

d 

d 

•H 

to 

0  «)  r 

H 

d 

•H 

o 

pi 

fd 

Pi  q) 

1 

o 

<d 

6 

•H 

CD 

P  ,  ( 

) 

Rj 

*H 

d 

CD 

P 

0  T 

i 

0 

0 

U 

6 

d> 

P 

0 

i — i 

Pi 

O 

•H 

O 

•H 

cj 

& 

01 

rH 

P 

C3 

0 

«s 

to 

P 

Pi 

1 — 1 

0 

i — 1 

0} 

0 

pi 

0 

3 

S3 

•H 

CLi  V 

C3 

TD 

0 

C3 

d 

«H 

<d 

1 

q 

Pi 

01 

•rH 

O 

Ri 

r«/E 

Pi 

0 

P 

• 

CD 

•H 

P 

0 

CO 

*d 

P 

Pi 

0 

iH 

0 

P 

rd 

Pi 

0 

•H 

> 

•r- 

* 

CD 

O 

d 

P 

0 

O 

C 

CD 

d 

•H 

H 

p 

d 

Pi 

0 

P 

rd 

•H 

P 

0 

& 

•H 

1 

CD 

•H 

p 

o 

to 

01 

CD 

01 

P 

01 

d 

•H 

G) 

d 

X> 

O 

0 

r3 

<H 

is 

4- 

1 

p 

1 

O 

P 

01 

CD 

0 

i>3 

d 

g 

d 

X 

4 

01 

rH 

Pi 

d> 

IH 

to 

P 

1 

p 

CO 

P 

[ — i 

c 

) 

rH 

P 

0 

<d 

p i 

O 

Pi 

Pi 

0 

rd 

5-1 

CD 

01 

O 

Pi 

• 

£ 

X 

CD 

N 

0 

d 

rd 

0 

P 

4- 

> 

Pi 

•H 

0 

01 

d 

P 

Pi 

P 

a 

0 

c 

■4 

CD 

O 

cj 

0 

p 

0 

1 

o 

dl 

xi 

PI 

0 

0 

,d 

'S1- 

H 

EH 

•H 

EH 

r  - 

h 

s 

0 

rd 

0 

0 

3 

,c 

5 

xi 

Pi 

s3 

d 

\  c 

) 

< 

p 

O 

* 

H 

^  - 

£  4 

3 

• 

d 

*  ^ 

1 

3 

01 

to 

0 

d 

rd 

rd 

V  ( 

f 

> 

CD 

pi 

rd 

o 

d 

d 

<~n 

* 

*>r- 

Pi 

•H 

P 

•H 

0 

o 

H 

P 

P 

01 

P 

o 

( 

D 

4  C 

> 

4D 

Pi 

0 

d 

0 

1 

H 

ft 

0 

0 

H 

0 

d 

(0 

i 

1) 

•rH 

01 

•H 

p 

o 

CSJ 

c 

D 

P 

0 

rg 

0 

•H 

Pi 

1 

PI 

Pi 

£ 

d 

0 

0 

<H 

CD 

0 

P 

0 

Pi 

p 

o 

N 

C3 

0 

- 

O 

Pi 

d 

0 

P 

01 

P! 

<H 

0 

o 

rd 

0 

o 

( 

O 

0 

0 

•H 

P 

0 

1 — 1 

H 

Pi 

a 

0 

rd 

o 

P 

d 

,£ 

0 

d 

«H 

P 

l>» 

rH 

o 

P 

01 

0 

O 

o 

01 

rH 

•H 

p 

<H 

o 

H 

P 

Pi 

O 

0 

d 

o 

o 

p 

rH 

O 

0 

d 

o 

o 

01 

d> 

0 

•H 

- — ■ 

o 

CD 

O 

O 

c3 

P 

CO 

d 

P 

£ 

0 

•H 

lO 

P 

P 

0 

d 

0 

• 

CQ 

CD 

rH 

O 

to 

t— 1 

0 

d 

>3 

P 

P 

•H 

o 

p 

Pi 

>d 

‘H 

-P 

Pi 

0 

» 

d 

0 

' — r 

cj 

<H 

o 

> 

CO 

0 

rd 

p 

0 

1 — 1 

p 

EH 

pq 

represents  the  centre  of  the 


' 


a 

6 D 

G 

si 

G 

rG 

1 

>3 

<0 

CD 

•H 

P 

G 

d 

G 

CD 

d 

M 

G 

d 

G 

G 

G) 

• 

d 

•H 

> 

G 

G 

PI 

,c 

G 

o 

P 

P 

CD 

G 

a 

G 

fij 

d 

o 

it 

£ 

•H 

CO 

rG 

rG 

P 

rG 

03 

O 

P 

p 

60 

» 

P 

U3 

> 

•H 

G 

R 

d 

•H 

rH 

•H 

G 

d 

rH 

G 

3 

03 

G 

G 

o 

*H 

rH 

i — 1 

ft 

P 

rH 

O 

03 

•H 

o 

>3 

G 

S3 

a 

G 

G 

G 

ft 

(0 

» 

P 

60 

o 

p 

o 

G 

d 

G 

G 

CD 

•H 

CD 

G 

rG 

G 

o 

O 

G 

CO 

d 

> 

CO 

d 

G 

(0 

o 

o 

G 

CD 

<0 

•H 

O 

■H 

G 

N 

S3 

G 

ft 

CO 

03 

d 

ft 

03 

G 

rG 

•rH 

rG 

G 

G 

P 

o 

G 

03 

P 

G 

o 

<0 

O 

nd 

P 

O 

•H 

O 

S3 

rG 

•H 

> 

<d 

P 

CD 

rG 

•H 

d 

> 

rG 

£ 

03 

P 

P 

0) 

G 

G 

CO 

60 

G 

d 

•H 

G 

G 

G 

•rH 

o 

G 

03 

G 

G 

d 

CD 

CD 

G 

03 

G 

rG 

■H 

e  1 

03 

G 

CO 

nd 

CD 

> 

1 

G 

P 

rG 

& 

G 

O 

p 

<0 

P 

CD 

G 

G 

G 

EH 

o 

G 

O 

•H 

p 

<4-1 

G 

rG 

G 

> 

P 

p 

> 

G 

•H 

P 

P 

cj 

G 

CD 

G 

0) 

*H 

03 

r— 1 

rH 

rG 

d 

G 

03 

•H 

ft 

P 

o 

G 

G 

P 

• 

G 

(0 

<1) 

03 

•rH 

p 

C3 

G 

P 

O 

d 

a 

G 

60 

G 

•H 

• 

P 

i — 1 

G 

P 

P 

G 

G 

G 

p 

rG 

P 

d 

G 

d 

•H 

r— 1 

O 

•H 

•H 

tH 

P 

G 

rH 

G 

•H 

O 

1^3 

G 

G 

CO 

d 

G 

G 

G 

d 

03 

ft 

G 

<0 

d 

I — 1 

G 

03 

i — 1 

o 

> 

•H 

•H 

CO 

S3 

d 

G 

Co 

CD 

G 

p 

Pi 

> 

O 

a 

03 

G 

CD 

G 

£ 

G 

G 

G 

ft 

G 

03 

G 

ft 

CD 

rG 

G 

rG 

>3 

r— 1 

G 

G 

CD 

a 

P 

G 

P 

60 

03 

CO 

G 

O 

d 

<0 

(D 

G 

G 

d 

G 

•H 

S3 

d 

G 

0) 

d 

£ 

03 

rH 

a 

G 

G 

pj 

£ 

G 

p 

03 

G 

o 

G 

rH 

G 

P 

d 

G 

•H 

a 

•H 

d 

G 

G 

•H 

G 

•H 

rH 

ft 

03 

si 

rG 

G 

O 

G 

*H 

G 

rG 

G 

Co 

P 

P 

<D 

03 

CD 

£ 

G 

•> 

•rH 

G 

£ 

d 

•H 

d 

d 

ft 

d 

rG 

G 

Pi 

_  r\ 

o 

& 

G 

G 

>s 

* 

P 

> 

P 

P 

CD 

CD 

G 

G 

G 

O 

►>3 

•H 

CO 

rG 

CD 

rG 

G 

rG 

G 

Pc 

d 

60 

Pi 

60 

P 

rG 

P 

G 

P 

S3 

o 

S3 

G 

o 

03 

G 

• 

P 

PI 

> 

G 

•H 

•H 

00 

«H 

G 

03 

P 

p 

d 

G 

G 

d 

d 

i — 1 

O 

P 

CD 

G 

CO 

G 

G 

G 

G 

G 

p 

G 

G 

rG 

G 

rG 

CO 

o 

P 

K) 

(0 

G 

P 

G 

P 

•H 

o 

G 

> 

o 

G 

G 

rG 

CD 

P 

O 

CO 

£5 

S3 

d 

G 

60 

£ 

P 

>3 

ft 

Co 

CJ1 

i — 1 

(0 

60 

•H 

•H 

G 

G 

G 

is 

M 

*0 

o 

rG 

•H 

G 

H 

rG 

G 

G 

G 

03 

a 

o 

EH 

EH 

P 

G 

P 

P 

>3 

P 

G 

•H 

CD 

nd 

£ 

•H 

G 

60 

! — 1 

> 

P 

G 

rG 

<D 

d 

G 

G 

G 

G 

03 

G 

•H 

P 

P 

CD 

03 

•H 

o 

G 

CO 

S3 

G 

• 

• 

P 

a 

60 

Pi 

o 

G 

G 

> 

a 

a 

0) 

o 

O 

•H 

G 

G 

G 

G 

G 

S3 

G 

p 

d 

P 

•H 

d 

1 — 1 

•H 

G 

G 

g 

•H 

O 

d 

to 

03 

G 

d 

rQ 

d 

i — 1 

03 

CD 

G 

G 

60 

p 

•H 

rG 

p 

P 

60 

M 

G 

G 

G 

rG 

P 

ft 

O 

<0 

d 

G 

p 

CD 

G 

•rH 

o 

P 

G 

60 

•H 

d 

(0 

•rH 

d 

£ 

N 

a 

d 

G 

G 

p 

p 

nd 

>3 

G 

o 

•rH 

d 

o 

■H 

o 

Pi 

p 

G 

d 

, _ | 

> 

d 

G 

G 

G 

G 

ft 

03 

o 

CD 

rH 

•rH 

03 

O 

> 

ft 

d 

G 

1 

o 

d 

G 

G 

■H 

P 

rG 

•rH 

G 

s3 

£ 

G 

03 

G 

P 

M 

G 

p 

0) 

CD 

o 

60 

G 

G 

O 

03 

P 

G 

rG 

rG 

rG 

P 

G 

rG 

rG 

G 

G 

>3 

rH 

o 

P 

P 

03 

M  . 

rG 

P 

P 

G 

a 

d 

G 

| 

03 

1 

1 

d 

rH 

rH 

•H 

G 

G 

o 

i 

G 

G 

i 

d 

O 

G 

d 

•H 

d 

G 

o 

p 

d 

P 

1 

p 

03 

G 

G 

•• 

60 

G 

G 

G 

G 

03 

p> 

03 

G 

O 

G 

d 

(0 

G 

G 

d 

rH 

•H 

•H 

G 

G 

G 

a 

ft 

ft 

p 

•H 

P 

G 

03 

O 

o 

d 

G 

O 

•H 

>> 

>» 

>3 

•rl 

G 

•H 

& 

§ 

G 

p 

EH 

•rl 

O 

i — 1 

G 

60 

60 

P 

d 

P 

G 

G 

d 

G 

P3 

G 

G 

G 

O 

p 

CJ 

G 

rH 

p 

d 

G 

G 

a 

t> 

G 

G 

G 

G 

G 

p 

d 

o 

G 

G 

H 

03 

03 

S3 

d 

Pi 

• 

P 

03 

o 

G 

G 

G 

Pi 

G 

G 

o 

d 

rH 

03 

C3 

G 

i 

a 

d 

G 

G 

CO 

O 

G 

G 

G 

G 

Pi 

d 

d- 

G 

G 

ft 

G 

a 

CO 

P 

rH 

d 

P 

O 

o 

G 

P 

H 

G 

o 

G 

R 

•H 

d 

S3 

G 

Cj 

03 

60 

G 

« 

EH 

d 

rH 

G 

|3 

d 

P 

d 

O 

03 

G 

G 

G 

H 

O 

O 

rH 

is 

60 

•H 

P 

03 

G 

o 

d 

G 

rj 

03 

•rH 

G 

G 

03 

H 

w 

o 

d 

P 

d 

•> 

•H 

(0 

* 

rH 

03 

G 

G 

t> 

• 

is 

G 

G 

G 

G 

G 

G 

G 

G 

G 

d 

G 

G 

O 

O 

> 

P 

fS 

>3 

G 

rH 

03 

& 

G 

•H 

Pc 

G 

!__! 

G 

O 

G 

60 

fct 

G 

•H 

o 

•rl 

G 

P> 

rH 

G 

d 

o 

P 

G 

C3 

O 

H 

G 

P 

G 

O 

G 

N 

•H 

G 

03 

•rl 

ft 

G 

P 

03 

d 

rH 

Pi 

d 

•H 

G 

G 

P 

G 

d 

d 

•rl 

p 

G 

o 

o 

G 

00 

G 

o 

G 

G 

O 

d 

O 

G 

•H 

p 

O 

i — 1 

•H 

G 

P 

G 

p 

•rH 

X- 

d 

d 

O 

P 

> 

G 

G 

O 

G 

G 

P 

d 

G 

H 

C3 

G 

> 

P 

F» 

d 

G 

G 

G 

G 

G 

G 

o 

•rl 

p 

G 

G 

d 

G 

G 

c 

3 

t — 1 

d 

C3 

60 

P 

P 

> 

H 

G 

G 

60 

So 

03 

Pi 

p 

o 

G 

G 

G 

•H 

G 

rH 

03 

G 

H 

G 

G 

03 

Pi 

o 

Pi 

G 

d 

pi 

G 

G 

G 

d 

d 

S3 

G 

H 

? 

H 

o 

P 

i — 1 

03 

G 

•H 

p 

• 

ft 

G 

G 

G 

G 

G 

d 

G 

03 

G 

•H 

rH 

d 

G 

o 

G 

is 

G 

CJ 

pi 

G 

03 

G 

G 

6 

p 

O 

N 

P 

d 

o 

o 

G 

S3 

0* 

O 

o 

G 

G 

•rl 

P 

P 

C3 

> 

£ 

G 

•H 

•rH 

G 

G 

03 

Pi 

G 

G 

C3 

G 

o 

P 

P 

> 

d 

G 

O 

d 

G 

PI 

O 

G 

G 

a 

•H 

C3 

•H 

•H 

p 

g 

d 

p 

•r-a 

O 

P 

P 

d 

S3 

P 

G 

03 

60 

G 

d 

d 

G 

p 

G 

•H 

03 

O 

c 

3 

03 

p 

G 

G 

o 

P 

G 

d 

03 

ft 

p 

G 

d 

•H 

G 

G 

O 

pi 

O 

a 

o 

o 

G 

p 

G 

d 

G 

o 

G 

ft 

G 

G 

•H 

r 

-{ 

G 

60 

P 

•H 

•rH 

G 

d 

G 

d 

P 

G 

G 

> 

60 

G 

G 

C3 

d 

G 

p 

a 

d 

p 

O 

? 

d 

O 

G 

•H 

•H 

G 

•H 

P 

O 

G 

G 

c 

3 

p 

•H 

d 

d 

G 

Pi 

G 

Pi 

H 

G 

>3 

03 

•r 

H 

>3 

G 

G 

pi 

P 

Pi 

o 

rj 

d 

d 

P 

>3 

60 

•H 

G 

g 

P 

G 

G 

d 

P 

G 

? 

H 

1 — 1 

G 

G 

G 

a 

G 

03 

G 

p 

G 

d 

d 

c 

3 

p 

G 

P 

•H 

60 

G 

d 

G 

G 

PI 

G 

p 

CX| 

C3 

G 

W 

d 

d 

G 

p 

•H 

ft 

O 

P 

c 

3 

G 

G 

O 

G 

O 

G 

G 

O 

G 

G 

s 

M 

1>3 

Co 

d 

P 

G 

G 

ft 

G 

r’S 

G 

H 

<■ 

G 

C3 

60 

G 

p 

o 

03 

G 

d 

G 

60 

•H 

G 

G 

Pi 

G 

f> 

R 

p 

> 

•H 

Q) 

P 

G 

G 

G 

03 

G 

G 

O 

rj 

G 

03 

M 

O 

o 

G 

O 

<1 

d 

03 

ft 

E 

60 

G 

G 

• 

0 

G 

03 

G 

Pi 

p 

cj 

G 

•H 

G 

03 

d 

G 

I 

G 

£ 

G 

G 

M 

•H 

o 

03 

G 

G 

G 

G 

G 

G 

P 

G 

G 

— I 

( 

3 

G 

G 

d 

o 

• 

p 

O 

03 

a 

G 

d 

G 

03 

< 

i£ 

P 

p 

•H 

d 

P 

•H 

P 

03 

G 

p 

G 

G 

3 

i — 1 

P 

03 

G 

G 

G 

60 

G 

£•' 

-1 

» 

G 

G 

G 

G 

d 

§ 

G 

G 

d 

•H 

G 

ft 

3 

G 

O 

rn 

P 

G 

G 

ft 

p 

03 

M 

03 

03 

p ' 

3 

G 

G 

Pi 

60 

03 

G 

d 

G 

G 

'•j 

3 

> 

d 

G 

03 

G 

d 

G 

G 

d 

o 

03 

'Or 

■1 

G 

p 

P 

•H 

G 

60 

G 

•rH 

•0  « 

H 

£ 

O 

G 

O 

P 

G 

G 

G 

> 

Pi 

P 

a 

a)  ( 

> 

O 

Pi 

•H 

•H 

•H 

•H 

d 

G 

G 

G 

o 

G 

L 

d 

o 

P 

03 

p 

is 

G 

the  necessary  corrections  were  applied  to  the  position  of  the  pendulum  suspen- 


1 

• 

CO 

cd 

0 

CO 

cd 

Pc 

p 

Cd 

is 

I — 1 

CO 

p 

cd 

CD 

£ 

CD 

Co 

•H 

rH 

d 

Pi 

p 

PI 

o 

P 

<D 

P 

>» 

•H 

cd 

•H 

CD 

d 

O 

to 

p 

> 

> 

P 

PI 

•rH 

•H 

02 

Pi 

O 

0 

CD 

>» 

ft 

CO 

Pi 

A 

0 

rP 

P 

CD 

PI 

O 

p 

> 

0 

>J 

P 

> 

CD 

•H 

•H 

p 

cd 

Pi 

P 

P 

is 

(1) 

d 

•rH 

Pi 

• 

PI 

C2 

rd 

CD 

CO 

CO 

CO 

•H 

CD 

a 

P 

PI 

PI 

H 

Pi 

02 

r-{ 

O 

CD 

H 

CD 

pi 

s 

1-1 

P 

•H 

P 

pi 

O 

| 

a 

d 

O 

P 

PI 

P 

P 

O 

a 

cd 

d 

PI 

M 

CD 

O 

•H 

CD 

Pi 

0 

CD 

Pi 

to 

w 

A 

CD 

Pi 

S 

CD 

cd 

PI 

P 

cd 

Qi 

P 

P 

0 

•rH 

cd 

a 

t-’a 

PI 

•> 

pi 

p| 

rd 

Pi 

cd 

0 

PI 

rH 

CD 

•rH 

p 

£H 

O 

O 

O 

O 

Pi 

cd 

O 

P 

CD 

•H 

CO 

CD 

p 

>a 

O 

C/2 

(1) 

P 

P 

is 

rQ 

P 

Pi 

cd 

d 

A 

Co 

*a| 

O 

•H 

O 

P 

P 

Pi 

d 

CO 

•rH 

02 

O 

fiO 

CD 

CD 

PI 

PI 

to 

•H 

P 

P 

(D 

rd 

p 

CD 

CD 

CD 

P 

O 

P 

EH 

•H 

rfl 

P 

Pi 

cd 

PI 

Pi 

is 

PI 

02 

t>s 

PI 

•H 

O 

•H 

CD 

O 

O 

rd 

CO 

p 

A 

PI 

cd 

•H 

r— 1 

p 

CD 

PI 

a 

p 

•H 

Pi 

P 

0 

•H 

d 

pi 

pi 

cd 

2 

•H 

pi 

£ 

- — , 

0 

a 

PI 

p 

O 

0 

p 

P 

rQ 

0 

•H 

0 

rQ 

O 

O 

t> 

to 

CO 

0 

•H 

O 

Co 

ft 

0 

pi 

pi 

cd 

cd 

P 

•H 

•r-3 

PI 

a 

O 

O 

P 

CD 

CD 

1 — 1 

O 

0 

CD 

EH 

O 

,d 

rd 

0 

CO 

•H 

p 

P 

02 

P 

EH 

CD 

Pi 

P 

Pi 

0 

CD 

d 

O 

pi 

•H 

Pi 

A 

>» 

•H 

cd 

cd 

. 

cd 

r—l 

PI 

P 

0 

PI 

cd 

H 

CD 

02 

P 

• 

0 

pi 

CD 

CD 

CD 

d 

d 

O 

CO 

•rH 

cd 

Pi 

M 

ft 

O 

•H 

CD 

a3 

CD 

P 

0 

Ph 

cd 

•H 

is 

A 

K 

> 

O 

CD 

p 

& 

P 

p 

<D 

Pi 

CD 

Pi 

0 

Pi 

CD 

d 

CO 

Pi 

CD 

Pi 

cd 

Pi 

Pi 

(D 

0 

rQ 

Pi 

ft 

P 

O 

P 

Pi 

CD 

cd 

CD 

P 

O 

CD 

CD 

,d 

0 

PI 

p 

a 

d 

rd 

P 

P 

p 

cd 

•rH 

•> 

ft 

P 

cd 

CD 

P 

!>a 

H 

d 

p 

A 

p 

Pi 

Pi 

O 

6fl 

PI 

PI 

P 

CD 

cd 

P 

PI 

cd 

cd 

•H 

id 

O 

02 

•H 

O 

(0 

•H 

02 

P 

PI 

• 

Pi 

•H 

CD 

CD 

CD 

P 

•H 

E 

p 

PI 

O 

d 

O 

!>a 

Pi 

Pi 

cd 

O 

CD 

Pi 

H 

P 

to 

CD 

O 

A 

Pi 

O 

ft 

r~t 

Ph 

,d 

•H 

p 

P 

O 

CD 

P 

P 

d 

CD 

sq 

Pi 

PI 

O 

O 

CO 

O 

Pi 

•H 

O 

d 

P3 

d 

CD 

& 

rQ 

O 

P 

CD 

CO 

0 

cd 

P 

PI 

•H 

O 

rd 

CD 

O 

CD 

Pi 

•H 

S 

CO 

>a 

Pi 

•H 

PI 

Pi 

Pi 

1 d 

H 

CD 

02 

cd 

id 

O 

CD 

00 

PI 

A 

> 

0 

CO 

rQ 

1 — 1 

O 

P 

dimensions  of  about  a  centimetre.  A  pendulum  with  circular  (instead  of  squaR) 
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130,000  cycles  per  second,  is  on  a  very  steep  part  of  the  energy  curve,  an 
slight  fluctuations  in  frequency  would  produce  considerable  changes  in  the 


ultra-sonic  beam  section—  73  cms.  from  transmitter 
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A  vertical  section  taken  under  the  same  conditions  as  the  above  horizontal 
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Vertical  Section  of  Bearn  at  73  eras,  from  Transmitter 


Voltage  on  Transmitter:-  1000  volts. 
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Radius  of  apperture,  or,  in  the  ultra-sonic  analogy,  the  radius 
of  the  oscillating  plate. 


ponding  to  different  values  of  ©  were  calculated.  The  values  of  m  which  made 


taken  at  the  greatest  distance  from  the  transmitter  are  used  as  a  comparison 

\or 

with  Verdet's  results,  these  distant  sections  are  the  test  available  ap¬ 
proximation  to  Verdet's  assumption  of  a  very  great  distance  from  the  source. 
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The  numerical  results  obtained  are  tabulated  in  table  XIX  and  plotted  in 


figure  31.  The  main  central  beam  in  figure  31  has  a  maximum  of  the  order  of 
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m  order  to  compare  the  experimentally  determined  outer  zones  with  the  cor- 
resp&niing  zones  of  Verdet's  expression  the  same  method  was  used  as  was  employed 
when  the  main  central  beam  was  under  consideration.  The  linear  positions  of  the 
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The  value  of  intensity  lc  and  angular  deflection  ©  for  the  experimental 
outer  zones  is  given  in  table  XX  and  plotted  in  curve  (1)  of  figure  31.  The 

p 
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Frequency  -  75,000  cycles  per  second. 

Voltage  -  —  2,200  volts. 

Suspension  ,  •OOS”  phosphor  bronze  wire,  100  cms  long 
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the  radiant  pressure  appears  to  fall  off  as  the  area  of  the  pendulum  vane  inc 
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In  order  to  carry  out  this  experiment  satisfactorily,  one  should  be  sure 
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Lord  Rayleigh  has  shown  that,  if  a  reflecting  partition  is  placed  in  the 
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Considering  a  torsion  pendulum  we  see  that  the  vertical  vane  actsAa  reflec¬ 
ting  partition.  In  applying  the  above  relation  to  the  torsion  pendulum  it  can 
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Ultra-sonic  wave  length  in  the  material  under  consideration 


pendulum  with  a  quick  period  of  oscillation.  This  means  that  the  pendulum  should 


It 


It  H  II  IF 


I 


f 


I  ■*. 


TABLE  ZZIV 


•  Experimental  Investigation: 


on  this  question  of  the  thickness  of  the  vane,  nine  lead  pendulums  were  made  with 
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Theoretically  the  energy  emitted  from  a  transmitter,  other  things  being 


voltage. 

The  ultra-sonic  waves  are  generated  by  the  piezo-electric  displacements  in 
the  quartz  plate  of  the  transmitter.  The  amplitude  of  the  ultra-sonic  wave  is 
therefore  proportional  to  the  piezo-electric  displacement  in  the  quartz,  which 


is  proportional  to  the  voltage  applied  to  the  instrument.  Since  the 


Three  series  of  experiments  were  taken.  Series  1.  was  taken  at  a  frequency 
of  45,000  cycles  per  second;  series  £.  at  a  frequency  of  75,000  cycles,  and  series 
3.  at  135,000  oycles,  the  last  being  the  resomant  frequency  of  the  transmitter. 


In  all  cases  the  distance  from  the  Transmitter  wae  73  centimetres 
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3000  volts  calibrated  against  a  standard  cell. 


consideration  the  effect  of  all  the  above  conditions ,•  and  the  precautions  they 


( a)  Mathematical  Development: 
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The  above  equation  will  be  known  as  equation  (6)  in  the  following  work. 
In  evaluating  the  above  expression  the  values  of  the  pendulum  defieetiea 


for  variations  in  bin  a  vertical  direction.  It  was  assumed  that  the  values  of/> 


/'■  : 


radius  of  horizontal  vane 


( b)  Experimental  Procedure 


the  ultra-sonic  beam  were  taken  at  four  different  distances  from  the  transmitter 
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Distance  from  Transmitter  -  170  cms.  Vertical  vane  to  left. 
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In  tables  XXIX  and  XXXI  the  ultra-sonic  energy  intensity  appears  to  fall  off 
in  the  centre  of  the  sections ,( see  figure  38,  curves  2  and  4).  At  first  it  was 


with  during  the  months  of  experimental  work  with  this  transmitter 
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which  occurred  during  that  time.  Possibly  some  deterioration  in  the 
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The  following  readings  are  copied  from  the  peak  readings  of  table  XII 

Section  7. 
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Distance  from  Transmitter  ---  73  cms.  Pendulum  3  cms.  circ.  vanee 
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Distance  from  Transmitter  —  130  cms.  Pendulum  #3  samd  as  table 
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In  order  to  get  wi  estimate  of  the  probable  maximum  intensity  of  the  beam  curves 
(2)  and  (4)  figure  42  were  produced  as  shown  by  the  dot.ted  line. 
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Table  XL I 

See  Table  XXXV  &  figure  40  ( 2 ) ;  Frequency  -  6^7,000  cycles  per  second. 

Voltage  on  Transmitter  -  3,000  volts;  Eendulum  #  3. 

av  ■  1.515;  afa.  .  1.515;  t  «  0.E39;  0.115;  K  *  0.94 

Distance  from  Transmitter  -*•-  61.0  cms. 
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c.  Energy  Badiated  by  Transmitter  at  lte  Resonant  Frequency 

In  figure  22,  section  7,  a  horizontal  section  of  the  ultra-sonic  "beam  at 


P 

1 

03 

CU 

P 

- 

o 

P 

•H 

1 

Fh 

CV2 

•H 

CQ 

cd 

hi 

P 

iO 

cd 

o 

o 

■S 

P 

S-H 

0 

A3 

p 

P 

p 

o 

P 

o 

A3 

•H 

p 

<H 

CQ 

hi 

CVJ 

CQ 

xi 

O 

0 

nd 

s> 

Fh 

CVJ 

nd 

P 

p 

•H 

P 

P 

P 

nd 

rH 

•H 

pH 

p 

P 

P 

o 

0 

P 

O 

‘H 

hi 

•H 

P 

p 

p 

CQ 

03 

CQ 

bD 

S> 

P 

P 

«H 

p 

Ph 

P 

03 

rH 

Fh 

•H 

A3 

O 

Fh 

P 

P 

•H 

i — 1 

0) 

*H 

o 

•H 

o 

xi 

xi 

P 

<H 

p 

P 

p 

P 

P 

p 

O 

P 

>» 

o 

•H 

*H 

A3 

CQ 

Fh 

,P 

P 

«H 

•H 

I 

P 

bD 

S 

O 

+3 

nd 

P 

>» 

cd 

A3 

0 

o 

P 

& 

P 

hi 

P 

o 

xi 

P 

0) 

U 

O 

S 

p 

Fh 

a 

Q 

03 

CQ 

AJ 

rH 

nd 

xi 

•H 

p 

p 

CQ 

P 

P 

P 

p 

rH 

P 

Fh 

o 

Cd 

£ 

O 

M 

Ph 

P 

•H 

P 

bo 

> 

M 

O 

P 

Ad 

CQ 

p 

0) 

•H 

O 

p 

P 

•H 

p 

P 

-P 

P 

o 

CQ 

B 

rP 

• 

03 

O 

CQ 

•H 

CQ 

Fh 

Eh 

p 

P 

> — . 

P 

cd 

o 

P 

CQ 

P 

vO 

O 

PH 

<H 

> 

P 

Xi 

_ _ _ 

P 

•H 

O 

P 

P 

rH 

P 

P 

• 

bD 

•H 

xi 

p 

«H 

P 

x> 

B 

P 

•p 

P 

o 

P 

cd 

P 

GQ 

O 

•H 

•H 

nd 

P 

H 

p 

•H 

P 

«H 

P 

•rH 

rH 

A3 

C 0 

O 

P 

cd 

B 

•H 

Fh 

P 

0 

P 

hi 

£ 

O 

P 

CQ 

>» 

•H 

cr 

rH 

o 

p 

•H 

P 

•H 

-P 

O 

p 

0 

P 

P 

A3 

•H 

PH 

nd 

p 

o 

O 

•H 

-P 

CQ 

P 

P 

A3 

•H 

03 

s 

P 

>S 

•H 

P 

p 

P 

1 

CQ 

«H 

P 

P 

PH 

P 

P 

p 

O 

-P 

cd 

P 

p 

rH 

Fh 

P 

P 

*H 

P 

0 

O 

P 

fh 

>» 

•H 

p 

cd 

Xi 

O 

P- 

rH 

P 

-P 

cd 

bD 

p 

A3 

P 

P 

•H 

e 

0 

cd 

Fh 

P 

CQ 

p 

>» 

o 

rH 

Ad 

P 

6 

p 

nd 

p 

nd 

<H 

P 

p 

P 

•H 

•H 

P 

p 

O 

Fh 

P 

H 

CQ 

cd 

rH 

p 

P 

«H 

P 

cd 

P 

0 

cd 

nd 

R 

O 

•H 

s 

P 

«> 

P 

p 

•H 

P 

P 

^ — , 

O 

o 

rH 

o 

>» 

Q 

p 

P 

•H 

u 

O 

o 

3 

xi 

•H 

i _ _ 

P 

• 

CQ 

p 

P 

s 

p 

Fh 

CVJ 

CQ 

a: 

p 

•H 

<D 

P 

o 

CvJ 

•H 

P 

p 

P 

M 

p 

a* 

o 

Ph 

o1 

cd 

p 

p 

•H 

O 

P 

CVJ 

» 

P 

S 

P 

P 

Fh 

hi 

CVJ 

CQ 

O 

Fh 

o 

nd 

O 

Ph 

0 

s 

C 

<H 

p 

P 

P 

So 

p 

o 

A3 

P 

CQ 

>» 

•H 

hi 

ts 

P 

p 

•H 

H 

<H 

0 

O 

P 

• 

s 

P 

P 

bo 

• 

p 

cd 

•> 

p 

Fh 

•H 

P 

«H 

•H 

o 

p 

A 

- — * 

hi 

p 

P 

O 

«H 

. _ _ 

p 

o 

ip 

-P 

p 

P 

S 

P 

CQ 

. 

P 

p 

£ 

•rt 

CQ 

«H 

p 

p 

p 

B 

nd 

O 

K 

P 

M 

o 

03 

H 

p 

•rH 

An 

o 

P 

•H 

P 

> 

P 

P 

CO 

hi 

cd 

P 

Fh 

a; 

u 

P 

p 

Ph 

P 

o 

Ph 

Ad 

P 

P 

p 

CQ 

Ph 

•H 

p 

P 

+3 

o 

O 

A3 

Cd 

P 

nd 

CQ 

Fh 

volutions  is  a  measure  of  the  energy  in  the  beam  contained  "between  two  parallel 


sections  one  centimetre  apart  at  the  distance  from  the  transmitter  at  which  the 


w 

rH 

1 

P 

nd 

H 

P 

P 

o 

cy 

c 

Fh 

P 

p 

Ph 

•rH 

Ph 

P 

p 

P 

nd 

p 

p 

p 

p 

p 

P 

P 

it 

0 

P 

Fh 

p 

rH 

P 

p 

bD 

P 

> 

X> 

a 

A> 

O 

•H 

P 

P 

P 

P 

nd 

o 

■H 

p 

•H 

P 

P 

P 

P 

P 

Fh 

P 

P 

A3 

P 

H 

rH 

O 

P 

P 

•> 

O 

Fh 

*H 

CVJ 

rH 

O 

CVJ 

P 

P 

O 

xi 

t>» 

p 

P 

P 

Fh 

P 

£ 

0 

Fh 

• 

P 

bD 

P 

CVJ 

P 

P 

• 

•H 

CVJ 

A3 

rH 

nd 

«H 

CQ 

• 

PH 

o 

P 

p 

B 

*> 

S 

A3 

s 

P 

Fh 

P 

•H 

P 

o 

P 

P 

P 

p 

03 

P 

Fh 

P 

5b 

A3 

A3 

«H 

B 

*H 

*H 

• 

O 

nd 

, — - 

«H 

nd 

p 

03 

nd 

hi 

• 

rH 

Ad 

P 

— 

p 

o 

CQ 

«H 

P 

P 

o 

P 

P 

B 

O 

O 

*H 

• 

O 

•H 

03 

o 

£ 

«H 

P 

CQ 

s 

P 

cu 

O 

O 

P 

Ph 

Fh 

CO 

•H 

P 

P 

o 

B 

P 

P 

C" 

M 

o 

P 

•H 

•H 

P 

P 

P 

•H 

P 

«H 

P 

CO 

P 

rM 

• 

► 

P 

P 

P 

nd 

P 

N 

rH 

>s 

P 

PH 

P 

P 

>> 

/ 

•H 

> 

P 

Fh 

P 

•H 

rH 

O 

P 

03 

cy 

p 

x> 

w 

V 

> _ _ 

P 

03 

> 

a: 

•H 

CQ 

P 

P 

P 

p 

CQ 

•H 

nd 

P 

P 

P 

Fh 

- 

B 

«H 

P 

O 

P 

p 

P 

rH 

0 

O 

JX 

P 

*H 

jk 

p 

rH 

P 

P 

03 

0 

S 

*H 

O 

P 

••ci 

Fh 

•'L' 

P 

o 

r*& 

Fh 

Fh 

bD 

P 

Fh 

O 

nd 

V  P 

bD 

P 

P 

t= 

P 

03 

«H 

•H 

*H 

P 

£- 

P 

rH 

P 

P 

rH 

O  CQ 

P 

P 

•  • 

P 

£ 

P 

O 

O 

P 

P 

P 

•H 

> 

O 

CU 

03 

P 

•H 

P 

«H 

P 

P 

1 

P 

CQ 

0) 

P 

o 

s 

p 

P 

P 

P 

- _ _ 

Ad 

O 

Ad 

•H 

p 

Fh 

Ad 

•H 

> 

p 

EH 

P 

CQ 

P 

p 

O 

K 

CQ 

O 

•H 

r — 1 

1 

A» 

p 

*H 

P 

P 

nd 

P 

«H 

P 

rH 

O 

P 

CQ 

o 

• 

PH 

rH 

• 

• 

II 

M 

P 

s 

P 

P 

w 

nd 

p 

0 

Ad 

o 

0 

> 

rH 

P 

Fh 

g 

B 

P 

o 

r- 1 

M 

Fh 

w 

H 

P 

P 

Ad 

P 

i — 1 

W 

P 

>» 

> 

Ad 

X 

nd 

H 

O 

M 

Fh 

EH 

p 

•H 

> 

p 

P 

P 

03 

u 

> 

P 

rH 

P 

nd 

P 

p 

P 

A3 

O 

P 

Ad 

Ad 

CQ 

B 

P 

o 

P 

p 

& 

•H 

•H 

EH 

intervals  of  E,  each  interval  being  ,1751  ergs  per  co 


i 

s 

• 

' 

"r 

r  * 

' 

• 

- 

: 

q 

j 

■  - 

'■v 

* 


TABLE  XLIII 


M 

a> 

• 

(0 

A 

p 

© 

d 

CO 

P 

p 

a> 

P 

to 

0 

CH 

P 

p 

P 

o 

OQ 

O 

•H 

• 

d 

© 

p 

P 

0 

p 

id 

a> 

0 

d 

to 

.d 

>» 

CO 

rH 

• 

P 

o 

o 

P 

o 

d 

•rH 

CQ 

P 

fO 

rH 

d 

d 

d 

tO 

d 

d 

CO 

<0 

p 

^=> 

• 

1 1 

o 

o 

o 

ftV 

p 

© 

p 

to 

p 

©  •  © 

© 

ft 

CM 

© 

• 

o 

P  ©  .d 

p 

d 

at 

d 

CO 

rH 

d 

«H  P  P 

p 

ft 

o 

o 

p 

p 

•H 

rH 

d 

d 

d 

d  d  o 

0 

© 

0 

d 

d 

d 

*  p 

© 

•rH 

H 

d 

o 

d 

o 

p 

a 

& 

© 

0 

o 

o 

d  to  d 

d 

P\ 

rH 

,o 

d 

© 

© 

cr>  © 

£ 

>o 

© 

d  •  <H 

<H  ' 

C~ 

© 

p 

<H 

d  rH 

p 

O  ’ 

rH 

.d 

© 

O 

p 

O  II  ft 

© 

• 

p 

p 

© 

O  ft 

p 

M 

p 

l>» 

ft 

©  •  d 

P 

M 

M 

<H 

•H 

P 

©  o 

«H 

O 

0 

•H 

d 

©  © 

d 

W 

© 

O 

© 

p  ©  p 

© 

d 

V 

© 

d 

O 

P 

©  rH 

& 

d 

i — 1 

d 

d 

i— 1 

d 

ft  P  O 

P 

o 

p 

© 

•H 

©  ► 

M 

•H 

p 

> 

d 

©  ft 

0 

II 

P 

d 

b0  O 

O 

© 

O 

© 

© 

p 

P  ©  O 

P 

P 

© 

rd 

,d 

©  bQtO 

P 

rH 

© 

P 

P 

>» 

P  rH 

d 

d 

bO 

lO  © 

d 

ft 

p 

o 

0 

d3 

p 

O  *H 

© 

bo 

£ 

o 

P 

© 

rH  tO  O 

P 

dv 

lO  © 

p 

p 

P 

d 

O 

d 

•H 

O  lOl  •  P 

«H 

£ 

© 

M  rH  © 

p 

•  •  levs  d 

d 

bO 

d 

d 

rH  Lola*  “H 

© 

© 

d 

«H 

to  K  d 

d 

© 

d  oh|o 

© 

© 

© 

O 

•  P 

p 

,o 

O  CM  tO|rH  d 

> 

P 

p 

rH  tO  rH 

P 

•  © 

p 

P 

d 

P 

•  O 

t>» 

P 

tO  R  M  P 

© 

© 

bo 

d 

«  o»  > 

bO 

o 

lO  -H 

,o 

0 

d 

3 

P 

© 

rH  N  H1  d 

•H 

ft 

o 

^  li  d 

© 

© 

ft 

d 

P 

o 

e 

tO 

d 

d 

II  H  M  © 

© 

d 

p 

d 

d 

© 

p 

d 

© 

ft 

©  d 

M 

H  - — ** 

p 

o 

© 

d  d 

o 

P' 

rH  CO—  0 

d 

bo 

.d 

£ 

p 

o 

<u 

©  P 
p  d 
d  fi: 
d  *h 
•h  d 
d  P 

p  o 

o  d 

d  d> 
♦  d  > 

'--HO© 

© 

P  'H 
dot 
d 

•H  S 
t)  0t 
P  10 
O'— — 


P 

d 

o 

o 

>» 

bO 

p 

© 

d 

a> 


-p 

d 

p 

P 

o 

ft 

d 


0/ 

.o 

(0 

d 

£ 

>» 

bO 

P 

0) 


d  *h 

d  o 

o 

o  d 

©  o 

co  p 


o 

>» 

o 

o 

o 

o 

iQ 

tQ 


ft 

ft 

d 

co 

a> 

p 

S> 

•H 

«H 


i3r  Electrical  Resistance  of  Transmitter 


sistance  of  the  variable  condenser  was  negligible,  i.e.  that  th*  electrical 
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In  figure  42,  ourves  1,  2,  3,  4t  we  have  the  absolute  ultra- sonic  intensity 
at  different  distances  from  the  transmitter,  all  conditions  other  than  the  dis¬ 
tance  from  the  transmitter  remaining  oonctnM .  With  this  data  we  can  study  the 
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If  the  radiation  fell  off  exactly  as  the  inverse  square  of  the  distance,  tfe 
curve  of  figure  46  should  he  a  straight  line  with  a  slope  of  (-2)  hut,  figure 
46  shows  that  the  relation  between  log  E  and  log  D  is  not  linear.  For  the 


dampens  the  ultra-sonic  vibrations  in  addition  to  the  above  decrease  with  the 
square  of  the  distance,  the  energy  will  fall  off  exponentially  with  the  distance 
from  the  transmitter  and  the  expression  for  ultra-sonic  intensity  becomes: 
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Apparently,  the  damping  constant  m  is  very  small  so  that,  at  the  distances  under 


14.  Radiation  Around  Transmitter 


ultra-sonic  beam  striking  the  vertical  pendulum  vane.  The  experiment 
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Preliminary  study  of  Ultra  Sonic  Oscillators 
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The  principle  underlying  the  operation  of  an  oscillator 
or  transmitter  has  been  described  in  section  2  of  Part  1. 
The  various  oscillators  considered  here  ma#  be  divided  into 
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of  these  peaks. 

Although  the  energy  density  of  the  ultra  sonic  vibration 
is  the  factor  which  is  of  practical  importance  it  is  necessary 


frequency  of  vibration. 


ditions,  the  energy  density  will  increase  as  the  square  of 
the  vibration  frequency.  On  the  other  hand  fluctuations  in 
the  amplitude  .of  vibration,  with  varying  frequencies,  can 
be  due  only  to  a  resonant  effect. 
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.Referring  to  Fig,  50  A  we  see  immediately  that  the  thick 
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The  hack-plate  in  the  instrument  under  consideration 


centimetres  thick.  Resonance  occured  at  frequencies  of  154,000 
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suggestion  has  been  commenced  but  lias  not  as  yet  heen  taken 
far  enough,  to  include  in  this  present  report.  Indications 
have  been  obtained  that  the  multiple  peaks  exhibited  in£urv< 
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behind  the  steel  the  quartz  plate  was  cemented  with  the 


TABLE  I.  Thickness  of  steel  plate  4.14  cms. 
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of  the  amplitude  of  vibration  it  is  evident  that  an  ihstrument 
of  type  B  radiates  only  half  as  much  energy  as  a  similar  instru¬ 
ment  of  type  A 
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on  the  simple  half  wave-length  hypothesis;  hut,  as  has  already 
been  pointed  out  in  section  16  there  are  some  divergencies  from 
simple  theory  to  he  expected,  and  any  explanation  of  these  dis¬ 
crepancies  will  have  to  await  a  more  or  less  rigid  mathematical 


frequency  of  ultra  sonic  transmitters  is  the  lateral  vibrations 


(lord  Rayleigh;  Theory  of  Sound.  Yol.  1  Pages  £51-252) 
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is  an  integer  denoting  the  mode  of  vibration,  i.ei 
whether  the  rod  is  vibrating  at  it's  fundamental  res¬ 
onant  frequency  or  at  a  higher  harmonic. 

is  Poisson’s  ratio  for  the  material  under  consideration 
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the  resonant  frequency  of  the  multi-layer  instrument,  viz;  87,500  cycles 
per  second.  The  former  had  a  resonant  amplitude  of  4.6  z  10“6  cms. 
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consequently  the  energy  emission,  would  he  proportionally  greater. 
Increasing  the  effective  radiating  surfaces  hy  piling  quartz  plates 


behind  the  other  was  preferable  to  increasing  the  actual 


instrument  radiates  far  more  energy  than  any  other  type  as  yet  considered 


outlined  in  section  11, c#  These  calculations  will  be  carried  out  at 


1 

1 

1 

.3 

p 

© 

0 

© 

© 

© 

© 

0 

© 

Pi 

p 

,P 

rP 

,P 

1 

© 

•H 

0 

p 

o 

•H 

P 

rP 

P 

EH 

© 

u 

P 

Pi 

p 

p 

© 

60 

O 

P 

o 

P 

,P 

Pi 

Pi 

P 

rP 

0 

P 

0 

0 

• 

-ii 

N 

0 

-© 

q 

*PI 

P 

© 

rH 

Pi 

iH 

ra 

P 

Pi 

P 

£ 

o 

P 

© 

0 

A 

•H 

« 

© 

© 

•H 

p 

0 d 

0 

s 

P 

© 

a 

P 

>» 

p 

• 

u 

P 

0 

o 

Pi 

o 

0 

© 

•H 

Pi 

© 

*«H 

O' 

P 

O 

«rl 

© 

P 

C 

© 

*© 

© 

•H 

<H 

0 

P 

© 

© 

> 

•H 

to 

P 

p 

© 

0 

© 

© 

© 

0 

lO 

n 

0 

0 

A 

•rH 

© 

O' 

>» 

fr 

9 

H 

rH 

0 

0 

© 

ftO 

O 

o 

• 

H 

Pi 

<© 

© 

Pi 

Pi 

A 

© 

60 

SB 

«© 

© 

<H 

© 

•H 

Q 

rH 

© 

Pi 

>* 

>» 

P 

» 

Pi 

Ph 

■M 

0 

Pi 

O 

bO 

© 

P 

© 

p 

© 

• 

W 

P 

■H 

•H 

Pi 

Pi 

•H 

o 

ft) 

•© 

PI 

n 

© 

0 

P 

© 

© 

© 

P 

o 

© 

•H 

•p 

0 

© 

Pi 

PI 

© 

© 

* 

Pi 

P 

•© 

© 

© 

O' 

ftO 

0 

0 

P 

Pi 

© 

0 

© 

© 

•H 

60 

© 

iH 

© 

P 

Pi 

2 

G 

P 

•H 

O 

S>» 

A 

A 

Pi 

Pi 

*H 

A 

•rH 

Ph 

•H 

P 

rP 

0 

© 

© 

0 

© 

© 

-p 

0 

H 

O 

O 

© 

P 

© 

© 

P 

0 

© 

1 

n 

P 

A 

0 

rH 

0 

P 

•H 

t> 

© 

•H 

Pi 

rH 

0 

•rH 

r© 

a 

> 

P 

© 

>» 

0 

o 

0 

© 

0 

0 

•H 

H 

H 

A 

r— 1 

0 

© 

*H 

0 

Pi 

0 

K 

© 

P 

P 

A 

O 

0 

© 

P 

■p 

© 

0 

0 

0 

© 

0 

0 

CQ 

«H 

© 

p 

P 

>» 

r© 

Pi 

Ph 

o 

© 

O 

Pi 

H 

P 

P 

Pi 

P 

tg 

•H 

•H 

A 

60 

0 

© 

© 

Pi 

o 

«H 

P 

p 

P 

• 

c 

O 

Ph 

,p 

0 

0 

0 

0 

® 

© 

© 

CO 

P 

•H 

<H 

.P 

•H 

Pi 

P 

© 

0 

© 

>> 

P 

Pi 

O 

P 

O 

0 

0 

0 

0 

-p 

© 

© 

ftp 

tH 

Pi 

0 

0 

rH 

rQ 

g 

P 

M 

0 

p 

P 

© 

P 

P 

© 

1 

© 

p 

© 

0 

0 

•H 

•H 

Pi 

o 

P 

Pi 

•H 

o 

Pi 

0 

© 

A 

Pi 

©3 

O 

© 

© 

P 

r© 

P 

u 

Pi 

P 

© 

Pi 

Pi 

s 

P 

rH 

0 

0 

r© 

O 

o 

© 

3 

•H 

© 

o 

p 

,P 

P 

Pi 

0 

© 

p 

p 

'H 

0 

P 

•H 

© 

Pi 

© 

O 

p 

p 

© 

0 

r© 

Pi 

ftp 

© 

•H 

0 

bD 

© 

rH 

© 

© 

P 

0 

A 

B 

rH 

0 

P 

U 

,P 

H 

,p 

o 

O 

•H 

rQ 

0 

tH 

0 

P 

•H 

P 

0 

Pi 

0 

P 

•H 

P 

H 

■5 

© 

A 

•H 

0 

0 

0 

© 

«H 

<H 

o 

Pi 

q 

Pi 

0 

Pi 

0 

0 

O 

r© 

O 

p 

A 

EH 

© 

O 

P 

© 

n 

£ 

© 

Pi 

Pi 

q 

0 

M 

0 

P 

ftp 

© 

O 

0 

© 

p 

© 

0 

0 

p 

p 

0 

• 

•H 

P 

© 

© 

© 

.P 

•H 

rH 

© 

0 

p 

© 

Pi 

P 

P 

Pi 

p 

0 

LQ 

A 

P 

rH 

M 

i© 

0 

Ph 

0 

•H 

p 

0 

Pi 

O 

p 

•© 

P 

© 

rP 

* 

O 

u 

p 

0 

*H 

P 

Pi 

60 

>> 

0 

© 

• 

Pi 

3 

Pi 

•P 

© 

© 

♦H 

H 

rH 

Ph 

■  p 

© 

P 

« 

© 

P 

0 

0 

rQ 

© 

A 

o 

P 

r— 1 

P 

© 

© 

© 

0 

0 

0 

Pi 

,a 

•H 

fl 

P 

0 

o 

o 

© 

© 

iH 

© 

0 

0 

•H 

0 

•H 

r© 

o 

Pi 

Pi 

0 

iably  broader  than  that  of  the  single-plate  instrument  as  shown  in 


a 


rH 

O 

>» 

© 

>» 

© 

0 

0 

•H 

P 

.P 

rH 

© 

© 

• 

rH 

© 

> 

Pi 

•H 

P 

O 

•H 

© 

P 

P 

0 

© 

Pi 

in 

P 

•rH 

Ph 

© 

© 

O 

P 

A 

0 

O 

0 

rP 

© 

P 

rH 

rH 

•H 

P 

0 

rH 

© 

p 

0 

O 

0 

60 

© 

•rl 

*H 

© 

•rH 

•rH 

© 

•rl 

© 

O 

•H 

Ph 

© 

0 

D- 

N 

P 

A 

M 

0 

Pi 

o 

Pi 

Ph 

•H 

rH 

o 

P 

0 

•rH 

© 

M 

Ph 

© 

P 

» 

Ph 

0 

P 

© 

0 

O 

Pi 

0 

rO 

o 

© 

•rH 

O 

0 

jCj 

P 

Pi 

© 

a 

•rH 

Pi 

•H 

P 

A 

© 

0 

r© 

0 

Ph 

P 

Pi 

Ph 

Ph 

© 

•rH 

m 

0 

P 

0 

P 

0 

•H 

© 

© 

>» 

© 

P 

Ph 

rH 

0 

0 

O 

•rH 

© 

© 

P 

P 

P 

P 

0 

P 

•rH 

•rH 

rH 

© 

Ph 

P 

P 

© 

0 

P 

0 

© 

0 

© 

P 

rQ 

rH 

P 

3 

tH 

0 

•H 

•H 

© 

P 

P 

o 

0 

© 

© 

0 

Ph 

0 

P 

rH 

O 

P 

® 

P 

0 

P 

0 

0 

o 

© 

0 

© 

•rH 

© 

P 

a 

0 

© 

•rH 

P 

,P 

© 

rH 

© 

P 

a 

0 

© 

rP 

P 

P 

0 

© 

© 

Pi 

© 

© 

3 

© 

© 

P 

P 

{* 

Ph 

0 

•rH 

O 

£ 

© 

pi 

Ph 

>» 

© 

O 

P 

rH 

P 

P 

0 

p 

0 

rH 

W) 

© 

rH 

0 

H 

0 

P 

•> 

© 

P 

0 

0 

0 

© 

© 

P 

p 

O 

0 

P 

o 

in 

0 

0 

rH 

O 

tH 

•H 

•rH 

P 

•rH 

H 

o 

© 

P 

P 

© 

.Q 

P 

O 

P 

0 

rH 

> 

•H 

•rH 

Pi 

O 

•H 

P 

P 

© 

0 

•H 

•H 

0 

P 

0 

O 

rH 

P 

«H 

>» 

M 

P 

P 

P 

t>» 

0 

•H 

o 

© 

0 

© 

P 

,Q 

r3 

Ph 

© 

O 

P 

rP 

© 

Ph 

r© 

•H 

P 

O 

0 

© 

Pi 

© 

0 

«H 

rH 

•Q 

© 

O 

P 

f© 

»© 

© 

O 

0 

•H 

P 

O 

Ph 

•H 

o 

P 

0 

Ph 

P 

© 

> 

© 

i — 1 

O 

p 

p 

»© 

O 

© 

•H 

•rH 

© 

0 

© 

© 

© 

© 

© 

Ph 

tJ 

© 

0 

© 

rH 

rQ 

> 

to 

© 

• 

© 

© 

0 

P 

A 

© 

P 

0 

0 

0 

•H 

0 

•H 

© 

P 

0 

Ph 

© 

o 

tH 

© 

P 

P 

$» 

>» 

M 

P-1 

© 

•H 

O 

P 

P 

O 

rQ 

>» 

•O 

o 

© 

P 

0 

p 

0 

0 

0 

© 

© 

O 

0 

O 

0 

rP 

o 

r© 

0 

rH 

P 

o 

P 

P 

© 

© 

i — 1 

0 

O 

rH 

Pi 

© 

O 

© 

© 

♦H 

Ph 

p 

0 

* 

o 

O 

A 

© 

rH 

•> 

• 

0 

A 

0 

(* 

Pi 

O 

O' 

0 

0 

© 

O 

fto 

© 

Pi 

Ph 

•H 

P 

O 

© 

P 

© 

P 

S3 

p 

P 

P 

O 

A 

b 

0 

>» 

Ph 

O 

0 

•H 

© 

rH 

A 

+3 

0 

rH 

0 

«H 

•H 

0 

Pi 

© 

A 

© 

0 

rH 

© 

P 

A 

G 

• 

0 

» 

bD 

p 

O' 

1 

0 

P 

0 

© 

rP 

0 

0 

P 

•rH 

•rH 

r© 

•H 

© 

P 

Ph 

P 

rP 

P 

rO 

© 

0 

© 

rH 

P 

A 

0 

A 

•H 

fto 

© 

rP 

P 

0 

O 

© 

rH 

EH 

P 

•rH 

p 

0 

0 

P 

p 

O 

© 

o 

t> 

Ph 

0 

© 

© 

«H 

© 

p 

© 

A 

0 

0 

O 

Ph 

H 

O 

1 

© 

© 

rH 

0 

• 

© 

© 

«H 

© 

1 

© 

Ph 

Ph 

0 

•H 

© 

0 

Pi 

•H 

© 

© 

0 

© 

0 

•rH 

Pi 

p 

rP 

© 

P 

• 

© 

> 

•rH 

P 

P 

Ph 

H 

P 

P 

© 

a 

© 

O 

0 

> 

P 

0 

•H 

© 

0 

O 

rP 

0 

rH 

5 

•H 

P 

Pi 

60 

P 

| 

•H 

© 

tH 

O 

0 

M 

bp 

• 

p 

P 

0 

Pi 

© 

<H 

O 

PH 

•H 

•H 

© 

P 

O 

•H 

P 

0 

Ph 

P 

r— 1 

O 

P 

•H 

in 

r© 

0 

o 

P 

0 

0 

P 

•H 

0 

N 

9 

M 

© 

P 

P 

rH 

P 

P 

A 

© 

Ph 

© 

P 

rP 

0 

• 

rH 

o 

Eh 

© 

Ph 

O 

© 

© 

•H 

Pi 

EH 

0 

bO 

© 

0 

0 

© 

P 

r© 

0 

>» 

•H 

P 

© 

<H 

© 

© 

P 

P 

P 

© 

•H 

Ph 

O 

o' 

Ph 

O 

© 

•rH 

•H 

O' 

rQ 

radiating  power  with  a  natural  period  of  mechanical  vibration 


The  resonant  frequency  of  a  single  metal  plate  transmitter  of 
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Second,  the  cement  joining  the  metal  plate  to  the  quartz  adheres  to 
lead  better  than  to  other  metals.  Thus  a  stronger  and  more  permanent 
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